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Power Amplifier Kit 


200W Mondigtereo Amplifier Kit 46.25 

W Mono/Stereo Amplifier Kit 62.85 

sr Supply for K4004B and K4005B Kit 10.45 

300W Mono Mosfet Amplifier Kit 138.19 

Stereo Valve Amplifier/Chrome Kit Oo. 22 

Stereo Valve Amplifier/Black Kit 809.94 

Guitar Preamp with Headphone Output 19.85 
K4301 Pink Noise Generator Kit 8.3] 
K4304 = Mono VU Meter 10 LEDs Kit SS) 
K4305 Stereo VU Meter 2 x 10 LEDs Kit is.95 
K4306 = Precision Stereo VU Meter 2x 15 LEDs Kit 24.95 
K4307 Audio Power Meter Kit 15635 
K4401 Sound Generator Kit ese g5) 
K4600 Video and RGB Converter/Processor Kit 95:61 
K4601 Audio/Video TV Modulator Kit ZO? 
K4700  2-Channel Loudspeaker Protection Kit 13.70 
K4701 Loudspeaker DC-Protection Kit 10.00 
K4900 Telephone Amplifier Kit 8.50 
K5200 4-Channel Multi-Function Running Light Kit 18.08 
K5201 Light Computer Kit 29.94 
K5203 Dual Function Strobe Kit W629 
K5600R Advertisement LED Display (Red) Kit 42.63 
K6001 Temperature Sensor (for K6002) Kit 375 
K6002 Temperature Controller Kit 50.11 
K6003 Temperature Sensor with LED Display Kit 46.40 
K6200 Oto 60 Hours Start/Stop Timer Kit 24,7 
K6400 Code Lock Kit 20.37 
K6501 Remote Control by Telephone Kit 38.22 
K6600 Multitone Chime Kit We ?5 
K6712 IR Remote Controlled Dimmer Kit 29 5 
K6714 — Universal Relay Card (8 Relay's) Kit 36.34 
K6714-16 Universal Relay Card (16 Relay's) Kit ey) 
K7000 — Signal Tracer/Injector Kit 2.2m 
K7101 Mains Voltage Detector Kit 707 
K7102 Metal Detector Kit 7.62 
K7105 = Handheld LCD Osciloscope Kit 125.28 
K7203 3-30V 3A Power Supply Kit 25, 110 
K7300 —_ Universal Battery Charger/Discharger Kit 13.84 
K7302 Low Cost Universal Battery Charger Kit 6u35 
K8000 ~—~PC Interface Board Kit 74.95 
K8004 DC to Pulse Width Modulator Kit D935 
K8005 Stepper Motor Card Kit 2590 
K8006 Domotica Light System - Busprint Kit 25au 
K8008 Multifunction Relay Module Kit 12.90 
K8009 = Multifunctional Clock Kit Jeel0 
K8011 Mono 95W Valve Power Amplifier Kit B45-90 
K8012 Lead Acid Battery Charger/Conditioner 27.98 
K8015 = Multifunction Relay Switch Kit 14.94 
K8016 = PC Function Generator 0 - 1MHz Kit 9770 
K8017  3-Channel Sound Light with Microphone 33.80 
K8020 Valve Control Amplifier Kit 20773 
K8021 High-End Control Amplifier Kit 135.37 
K8023 10-Channel, 2-Wire Remote Control Kit 24.4] 
K8026 Suppressed 3.5A Dimmer Kit 778 
K8027 Relay Output Module (for K8006) Kit 295 
K8028 Multifunction Dimmer Kit 22720 
K8029 Slow On-Off Dimmer Kit 13.60 
K8031 One Channel Digital PC Scope Kit 100.99 
K8032 4 channel Running Light Kit 20.58 
K8033 Power Blinker Kit 13.04 
K8035 =Multifunctional Up/Down Counter Kit WAS 
K8036 Video Signal Cleaner Kit 20.58 
K8037 Bus Dimmer for Home Light System Kit 12,20 
K8038 Power Dimmer, Push-Button Controlled Kit 14.80 
] Channel DMX Controlled Power Dimmer 29.95 


K8039 


Over 300 Kits, Mini Kits & Modules - check web site tor 


Station Road #j CD 
Cullercoats 
Tyne & Wear 
NE3O 4PQ 


K8042 
K8046 


K8049 
K8050 
K8051 
K8055 
K8056 
K8057 
K8058 
K8059 
K8060 
K8061 
K8062 
K8063 
K8064 
K8065 
K8066 
K8067 
K8068 
K8070 
K8071 
K8072 
K8074 
K8075 
K8076 
K8077 
K8081 
K8082 
K8084 
K8086 
K8087 
K8088 
K8089 
K8090 
K8091 
K8092 
K8095 
K8098 
K8099 
K8100 


sage Board with LCD 
4 -( s} Mo der/Lolieer Kit 
PIC Programmer and Experiment Board 
15-Channel IR Transmitter Kit 
15-Channel IR Receiver Kit 
15-Channel IR Remote Stick Kit 
USB Experiment Interface Board Kit 
8-Channel Relay Card Kit 
2-Channel RF Remote Receiver 
8-Channel RF Remote Control Kit 
2-Channel RF Code-Lock Transmitter Kit 
Discrete Power Amplifier 200W Kit 
Extended USB Interface Board Kit 
USB Controlled DMX Interface Kit 
2 Modular Lights with Serial Interface Kit 
DC Controlled Dimmer Kit 
Pocket Audio Generator Kit 
3W Mono Amplifier Kit 
Universal Temperature Sensor Kit 
Dimmer for Electronic Transformers Kit 
]-Channel RF Receiver (for K8058) Kit 
1W/3W High Power LED Driver Kit 
DMxX Controlled Relay Kit 
USB to Remote control Transmitter Kit 
Power Saver/Timer Kit 
PIC Programmer Board Kit 
Subwoofer Kit 
Powerblock Kit 
Safe Style Codelock Kit 
Volume & Tone Control Pre-Amplifier Kit 
Telephone Ring Detector & Relay Output 
Telephone Ring with Buzzer and LED Kit 
RGB Controller Kit 
Big Digital Clock, Temp Display Kit 
8 Channel USB Relay Card Kit 
LED Clock with Light Dimmer Function Kit 
Optical proximity switch Kit 
SD/HCSD MP3 Player Kit 
Audio Analyser Kit 
Nixie Clock Kit 
Video Digitiser Card for PC Kit 


Velleman Mini Kits 


MK100 
MK101 
MK102 
MK103 
MK104 
MK105 
MK106 
MK107 
MK108 
MK109 
MK110 
MK111 
MK112 
MK113 
MK114 
MK115 
MK116 
MK117 
MK118 
MK119 
MK120 


Electronic Christmas Tree Minikit 
Flashing LED Sweetheart Minikit 
Flashing LED's Minikit 

Sound to Light Minikit 

Electronic Cricket Minikit 

Signal Generator Minikit 
Metronome Minikit 

LED Running Light Minikit 

Water Alarm Minikit 

Electronic Dice Minikit 

Simple One Channel Light Organ Minikit 
Interval Timer Minikit 

Brain Game Minikit 

Siren Sound Generator Minikit 
Low Voltage Light Organ Minikit 
Pocket VU Meter Minikit 

Riding Santa Minikit 

Delux Xmas Tree Minikit 

FM Radio Minikit 

Roulette Minikit 

Light Barrier Minikit 


MK121PAL Classic TV Game Minikit 


MK122 
MK123 
MK124 
MK125 
MK126 
MK127 
MK128 
MK129 
MK130 
MK131 
MK132 
MK133 
MK134 
MK135 
MK136 
MK137 
MK138 
MK139 
MK140 
MK141 
MK142 
MK143 
MK144 
MK145 


Tels 


Fax: 0191 2522296 
sales@esr.co.uk 


Animated Bell with 83 LED's Minikit 
Rolling Clock Minikit 

Rolling Message Minikit 

Light Sensitive Switch Minikit 

Car Alarm Simulator Minikit 
Running Microbug Minikit 

Kitchen Timer Minikit 

Crawling Microbug Minikit 

3D Xmas Tree Minikit 

Traffic Light Minikit 

Cable Polarity Checker Minikit 
Quiz Table Minikit 

Steam Engine Sound Generator Minikit 
Electronic Decision Maker Minikit 
Super Stereo Ear Minikit 

IR Remote Checker Minikit 
Thermostat Minikit 

Clap On/Off Switch Minikit 
Karaoke Minikit 

SMD Happy Face Minikit 

SMD Xmas Tree Minikit 

White LED Flashlight Minikit 
Flashing Heart Minikit 
Halloween Pumpkin Minikit 


0191 2514363 


MK146 
~MK147 
MK148 
MK149 
MK150 
MK151 
MK152 
MK153 
MK154 
MK155 
MK157 
MK158 
MK159 
MK160 
MK161 
MK162 
MK163 
MK164 
MK165 
MK166 
MK167 
MK168 
MK169R 
MK169Y 
MK170 
MK171 
MK172 
MK173 
MK174 
MK175 
MK176 
MK177 
MK178 
MK179 
MK180 
MK181 
MK182 


VELLEMAN® products.. 


Pocket VU Meter Minikit (with Enclosure) 


Dual White LED Stroboscope Minikit 


Dual Super Bright Flashing Red Lights 
Love Tester Minikit 

Shaking Dice Minikit 

Digital LED Clock Minikit 

Wheel of Fortune Minikit 

Jumbo Single Digit Clock Minikit 

5 in 1 Emergency Tool Minikit 

Magic Message Minikit 

LCD Mini Message Board Minikit 

LCD Mini Message Board with Backlight 
Brain Game Minikit 

Remote Control via GSM Mobile Phone 
2-Channel IR Remote Receiver Minikit 
2-Channel IR Remote Transmitter Minikit 
Electronic Stereo Volume Control Minikit 
IR Electronic Volume Control Minikit 
Crawling Bug Minikit 

Animated Ghost Minikit 

Electronic Candle Minikit 

Alarm Sensor Simulator Minikit 

Flashing LED Star (Red) Minikit 

Flashing LED Star (Yellow) Minikit 

60 LED Multi-Effect Star Minikit 

Voice Changer Minikit 

Sound LED Star Minikit 

Mini 6-LED Chaser Minikit 
Single-Message Record/Playback Minikit 
Animated LED Smiley Minikit 

LED Chevron Arrow Minikit 

Ding Dong Minikit 

3rd Brake Light Flasher Minikit 
Proximity Card reader Minikit 

2 Channel Hi-power LED Flasher Minikit 
AC Power voltage indicator LED Minikit 
Digital Echo Chamber Minikit 


Velleman Modules - Assembled 


VM100 
VM101 
VM103 
VM105 
VM106 
VM107 
VM110 
VM111 
VM112 
VM113 
VM114 
VM116 
VM118 
VM118R 
VM119 
VM120 
VM121 
VM122 
VM124 
VM125 
VM129 
VM130 
VM130T 
VM131 
VM132 
VM133 
VM134 
VM135 
VM136 
VM137 
VM138 
VM139 
VM140 
VM141 
VM142 


200W Power Amplifier Module 
Multifunctional Dimmer Module 

Blinking Module 

AC Power Slave Module 

Video Signal Cleaner Module 
Multifunctional Counter Module 

USB Interface Card Module 

PIC Programmer and Experiment Module 
Personal Animated Badge Module 
Stereo Amplifier Module 2 x 30W 

7W Mono Audio Amplifier Module 

USB Controlled DMX Interface Module 
8-Channel RF Remote Control Set Module 
8-Channel RF Remote Transmitter Module 
One Channel Dual Output Receiver 
10-Channel Light Effect Generator 
15-Channel Infrared Transmitter Module 
15-Channel Infrared Receiver Module 

1A Power Supply Module 

Ultrasonic Radar Module 

8-Channel Relay Card Module 
2-Channel RF Remote Control Set Module 
2-Channel RF Remote Control Transmitter 
Dimmer for Electronic Transformers 
Universal Temperature Sensor Module 
Energy Saver Module 

PIC Programmer Board Module 

Magical Dimmer Module 

Interval Timer Module 

Thermostat Module 5° - 30°C Module 
DMX Controlled Relay Module 

IR Remote Checker Module 

Extender USB Interface Board Module 
Start/Stop Timer Module 

Mini-Pic Application Module 


VM143/1W 1W High Power LED Driver Module 
VM143/3W 3W High Power LED Driver Module 


VM144 
VM145 
VM146 
VM147 
VM148 
VM150 
VM151 
VM152 
VM154 
VM156 
VM160 


Telephone Ring Detector & Relay output 
Digital Panel Thermometer Min/Max 
RGB Controller Module 

Panel Counter Module 

Panel Thermostat Module 

RGB LED Dimmer for DIN rail (Due July) 
RGB Controller Module & remote control 
LED Dimmer with RF Remote Control 
Fan Timer Module 

Pocket Audio Generator Module 

4 Channel RF Remote Control Set 


VM160DT 4 Channel RF Desktop Transmitter 


VM160T 
VM161 
VM162 
VM163 
VM164 
VM165 
VM179 
VM8090 


4 Channel RF Replacement transmitter 
RGB LED Strip Colour controller Module 
RGB LED Strip Colour dimmer Module 
Panel Clock Module 


Mini Dimmer, Push button control (Due July) 


0-10V DC Controlled Dimmer (Due June) 
Proximity Card Reader Module 
8 Channel USB Relay Card (Due July, 


etails 


Prices Exclude Vat @17.5%. 
UK Carriage £2.50 (less than lkg 
£5.50 greater than lkg or >£30 
Cheques / Postal orders payable to 


_ The UK’s number 1 source of 


7.44 


20.00 
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46.28 
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48.95 
25:09 
58.40 


[visa ESR Electronic Components Ltd. 


PLEASE ADD CARRIAGE & VAT TO ALL ORDERS 


ISSN 0262 3617 


® PROJECTS © THEORY @ 
® NEWS e COMMENT e 
® POPULAR FEATURES e 


VOL. 40. No 2 February 2011 


TEACH-IN 2011 - Part 4 


el J 7 


~ 


7 
L: 


. —~ — 


| IT’S‘WIZARD! 


© Wimborne Publishing Ltd 2011. Copyright in all 
drawings, photographs and articles published in 
EVERYDAY PRACTICAL ELECTRONICS is fully 
protected, and reproduction or imitations in whole or 
in part are expressly forbidden. 


Our March 2011 issue will be published on 
Thursday 10 February 2011, see page 80 for details. 
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Projects and Cireuits 


TIME DELAY PHOTOFLASH TRIGGER by Jim Rowe 
Try your hand at ‘stop motion’ photography with this triggering circuit. 


TEMPMASTER MK.2 by Jim Rowe 
Convert an old chest-type freezer into an energy-efficient fridge. 


MULTI-PURPOSE CAR SCROLLING DISPLAY - PART 3 
by Mauro Grassi 
How to connect this versatile display to the car and use it. 


INGENUITY UNLIMITED 
Three-phase voltage source 


TECHNO TALK by Mark Nelson 
New Ideas, New Ways 


MAX ’S COOL BEANS by Max The Magnificent 
Migrating from Windows XP to Windows 7?... Pico projectors rule! 


TEACH-IN 2011 by Mike and Richard Tooley 
Part 4: Transistors 


CIRCUIT SURGERY by lan Bell 
Unconnected input problems 


INTERFACE by Robert Penfold 
An optical approach to simple interfacing 


NET WORK by Alan Winstanley 
Web shortcuts... Just too much information... Wiked 


agus ale] SAMIGAS 


EDITORIAL 
Not ‘just’ projects 


NEWS - Barry Fox highlights technology’s leading edge 
Plus everyday news from the world of electronics 


PIC PROJECTS CD-ROM VOL. 1 AND VOL.2 
A plethora of handPiCed projects 


BACK ISSUES Did you miss these? 
SUBSCRIBE TO EPE and save money 


CD-ROMS FOR ELECTRONICS 
A wide range of CD-ROMs for hobbyists, students and engineers 


READOUT Matt Pulzer addresses general points arising 


DIRECT BOOK SERVICE 
A wide range of technical books available by mail order, 
plus more CD-ROMs 


EPE PCB SERVICE 
PCBs for EPE projects 
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QUASAR 


electronics 


The Electronic Kit Specialists Since 1993 


PIC & ATMEL Programmers 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 


Programmer Accessories: 

40-pin Wide ZIF socket (ZIF40W) £14.95 
18Vdc Power supply (PSU120) £19.95 
Leads: Parallel (L_DC136) £3.95 / Serial 
(LDC441) £3.95 / USB (LDC644) £2.95 


NEW! USB & Serial Port PIC Programmer 
USB/Serial connection. 


| Free Windows XP soft- 


ral H supported. ZIF Socket and 
| eee USB lead extra. 18Vdc. 

Kit Order Code: 3149EKT - £49.95 
Assembled Order Code: AS3149E - £59.95 
Assembled with ZIF socket Order Code: 
AS3149EZIF - £74.95 


NEW! USB ‘AIl-Flash' PIC ee 
USB PIC programmer for all e 
‘Flash’ devices. No external 
power supply making it truly 
portable. Supplied with box and 
Windows XP Software. ZIF 
Socket and USB lead not incl. 
Assembled Order Code: AS3128 - 


£49.95 
Assembled with ZIF socket Order Code: 
AS3128ZIF - £64.95 


ATMEL 89xxxx Programmer 
Uses serial port and any 
standard terminal comms 
program. 4 LED’s display 
the status. ZIF sockets not 
included. Supply: 16Vdc. 
Kit Order Code: 3123KT - £28.95 
Assembled Order Code: AS3123 - 


4 


£39.95 


Introduction to PIC Programming 
Go from complete beginner 
to burning a PIC and writing 
code in no time! Includes 49 
page step-by-step PDF 
Tutorial Manual, Program- 
ming Hardware (with LED 
test section), Win 3.11—XP Programming 
Software (Program, Read, Verify & Erase), 
and 1rewritable PIC16F84A that you can use 
with different code (4 detailed examples pro- 
vided for you to learn from). PC parallel port. 
Kit Order Code: 3081KT - £16.95 

Assembled Order Code: AS3081 - £24.95 


PIC Programmer Board 


Low cost PIC program- 
mer board supporting 
a wide range of Micro- 
chip® PIC™ microcon- % 
trollers. Requires PC 
serial port. Windows 
interface supplied. 
Kit Order Code: K8076KT - £39.95 


Quasar Electronics Limited 
PO Box 6935, Bishops Stortford 
CM23 4WP, United Kingdom 
Tel: 01279 467799 
Fax: 01279 267799 
E-mail: sales@quasarelectronics.com 


Web: www.quasarelectronics.com 


01279 


All prices INCLUDE 17.5% VAT. 

Postage & Packing Options (Up to 0.5Kg gross weight): UK Standard 3-7 Day 
Delivery - £4.95; UK Mainland Next Day Delivery - £11.95; Europe (EU) - 
£11.95; Rest of World - £14.95 (up to 0.5Kg). 

!Order online for reduced price Postage (from just £1) 


Payment: We accept all major credit/debit cards. Make cheques/PO’s —_ 


Credit Card 
Sales 


PIC Programmer & Experimenter Board 


The PIC Programmer & 
Experimenter Board with 
test buttons and LED indi- 
cators to carry out educa- 
tional experiments, such as 
the supplied programming examples. In- 
cludes a 16F627 Flash Microcontroller that 
can be reprogrammed up to 1000 times for 
experimenting at will. Software to compile 
and program your source code is included. 
Kit Order Code: K8048KT - £39.95 
Assembled Order Code: VM111 - £59.95 


Controllers & Loggers 


Here are just a few of the controller and 
data acquisition and control units we have. 
See website for full details. 12Vdc PSU for 
all units: Order Code PSU445 £7.95 


USB Experiment Interface Board 
5 digital input chan- 
nels and 8 digital out- 
put channels plus two 
analogue inputs and 
two analogue outputs 
with 8 bit resolution. 
Kit Order Code: K8055KT - £38.95 
Assembled Order Code: VM110 - £64.95 


Rolling Code 4-Channel UHF Remote 
State-of-the-Art. High security. = 
4 channels. Momentary or 
latching relay output. Range 
up to 40m. Up to 15 Tx’s can 
be learnt by one Rx (kit in- ay 
cludes one Tx but more avail- oe 
able separately). 4 indicator LED ’s. Rx: PCB 
77x85mm, 12Vdc/6mA (standby). Two & Ten 
Channel versions also available. 

Kit Order Code: 3180KT - £49.95 

Assembled Order Code: AS3180 - £59.95 


Computer Temperature Data Logger 
Serial port 4-channel tem- 
perature logger. °C or °F. 
Continuously logs up to 4 
separate sensors located 
oo 200m+ from board. Wide 
range ot tree software applications for stor- 
ing/using data. PCB just 45x45mm. Powered 
by PC. Includes one DS1820 sensor. 

Kit Order Code: 3145KT - £19.95 
Assembled Order Code: AS3145 - £26.95 
Additional DS1820 Sensors - £3.95 each 


Remote Control Via GSM Mobile Phone 
Place next to a mobile phone 

(not included). Allows toggle or 

auto-timer control of 3A mains 

rated output relay from any loca- 

tion with GSM coverage. 

Kit Order Code: MK160KT - £13.95 


Most items are available in kit form (KT suffix) 


or pre-assembled and ready for use (AS prefix). 


payable to Quasar Electronics. 
Please visit our online shop now for full details of over 500 electronic kits, 
projects, modules and publications. Discounts for bulk quantities. 


VISA 
Electron 


467799 


4-Ch DTMF Telephone Relay Switcher 
Call your phone num- 
ber using a DIMF 
phone from anywhere 
in the world and re- 
motely turn on/off any 
of the 4 relays as de- 
sired. User settable Security passiard. Anti- 
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. 130 x 110 x 
30mm. Power: 12Vdc. 

Kit Order Code: 3140KT - £74.95 
Assembled Order Code: AS3140 - £89.95 


8-Ch Serial Port Isolated I/O Relay Module 
Computer controlled 8 
channel relay board. 5A 
mains rated relay outputs 
and 4 opto-isolated digital 
inputs (for monitoring 
switch states, etc). Useful P 
in a variety of control and Ye 
sensing applications. Programmed via serial 
port (use our new Windows interface, termi- 
nal emulator or batch files). Serial cable can 
be up to 35m long. Includes plastic case 
130x100x30mm. Power: 12Vdc/500mA. 

Kit Order Code: 3108KT - £69.95 
Assembled Order Code: AS3108 


- £84.95 


Infrared RC 12—Channel Relay Board 
Control 12 onboard relays with 
included infrared remote con- 
trol unit. Toggle or momentary. 
15m+ range. 112 x 122mm. 
Supply: 12Vdc/0.5A 

Kit Order Code: 3142KT - £59.95 

Assembled Order Code: AS3142 - £69.95 


Audio DTMF Decoder and Display 


Detect DTMF tones from 
tape recorders, receivers, 
e» two-way radios, etc using 

~ the built-in mic or direct 
from the phone line. Char- 
acters are displayed on a 
16 character display as they are received and 
up to 32 numbers can be displayed by scroll- 
ing the display. All data written to the LCD is 
also sent to a serial output for connection to a 
computer. Supply: 9-12V DC (Order Code 
PSU445). Main PCB: 55x95mm. 
Kit Order Code: 3153KT - £34.95 
Assembled Order Code: AS3153 - £44.95 


Telephone Call Logger 


Stores over 2,500 x 11 
digit DIMF numbers with |! 
time and date. Records all ™/' 
buttons pressed during a 
call. No need for any con- 
nection to computer during operation 7 
logged data can be downloaded into a PC via 
a serial port and saved to disk. Includes a 
plastic case 130x100x30mm. Supply: 9-12V 
DC (Order Code PSU445). 

Kit Order Code: 3164KT - £44.95 

Assembled Order Code: AS3164 - £59.95 


Copyright © 2010, Wimborne Publishing Ltd 
(Sequoia House, 398a Ringwood Road, Ferndown, Dorset BH22 9AU, UK) 
and TechBites Interactive Inc., 
(PO Box 857, Madison, Alabama 35758, USA) 
All rights reserved. 


WARNING! 


The materials and works contained within EPE Online — which are made available 
by Wimborne Publishing Ltd and TechBites Interactive Inc — are copyrighted. You 
are permitted to make a backup copy of the downloaded file and one (1) hard 
copy of such materials and works for your personal use. 


International copyright laws, however, prohibit any further copying or 
reproduction of such materials and works, or any republication of any kind. 
TechBites Interactive Inc and Wimborne Publishing Ltd have used their best 
efforts in preparing these materials and works. However, TechBites Interactive Inc 
and Wimborne Publishing Ltd make no warranties of any kind, expressed or 
implied, with regard to the documentation or data contained herein, and 
specifically disclaim, without limitation, any implied warranties of merchantability 
and fitness for a particular purpose. Because of possible variances in the quality 
and condition of materials and workmanship used by readers, EPE Online, its 
publishers and agents disclaim any responsibility for the safe and proper 
functioning of reader-constructed projects based on or from information 
published in these materials and works. In no event shall TechBites Interactive Inc 
or Wimborne Publishing Ltd be responsible or liable for any loss of profit or any 
other commercial damages, including but not limited to special, incidental, 
consequential, or any other damages in connection with or arising out of 
furnishing, performance, or use of these materials and works. 


Here are a few of the most recent products 


added to our range. See website or join our 
email Newsletter for all the latest news. 


4-Channel Serial Port Temperature 
Monitor & Controller Relay Board 
4 channel computer e 
serial port temperature 
monitor and relay con- 
troller with four inputs 
for Dallas DS18S20 or 
DS18B20 digital ther- 
mometer sensors (£3.95 each). Four 5A 
rated relay channels provide output control. 
Relays are independent of sensor channels, 
allowing flexibility to setup the linkage in any 
way you choose. Commands for reading 
temperature and relay control sent via the 
RS232 interface using simple text strings. 
Control using a simple terminal / comms 
program (Windows HyperTerminal) or our 
free Windows application software. 

Kit Order Code: 3190KT - £69.95 
Assembled Order Code: AS3190 - £84.95 


40 Second Message Recorder 
Feature packed non-volatile 
40 second multi-message 
sound recorder module us- 
ing a high quality Winbond 
sound recorder IC. Stand- - 

alone operation using just six onboard but- 
tons or use onboard SPI interface. Record 
using built-in microphone or external line 
in. 8-24 Vdc operation. Just change one re- 
sistor for different recording duration/sound 
quality. sampling frequency 4-12 kHz. 

Kit Order Code: 3188KT - £27.95 
Assembled Order Code: AS3188 - £36.95 
120 second version also available 


Bipolar Stepper Motor Chopper Driver 
Get better performance from 
your stepper motors with this 
dual full bridge motor driver 
based on SGS Thompson 
chips L297 & L298. Motor 
current for each phase set 
using on-board potentiometer. Rated to han- 
dle motor winding currents up to 2 Amps per 
phase. Operates on 9-36Vdc supply voltage. 
Provides all basic motor controls including full 
or half stepping of bipolar steppers and direc- 
tion control. Allows multiple driver synchroni- 
sation. Perfect for desktop CNC applications. 
Kit Order Code: 3187KT - £37.95 

Assembled Order Code: AS3187 - £47.95 


Video Signal Cleaner 
Digitally cleans the video 
signal and removes un- 
wanted distortion in video : 
signal. In addition it stabilises 
picture quality and luminance fluctuations. 
You will also benefit from improved picture 
quality on LCD monitors or projectors. 

Kit Order Code: K8036KT - £32.95 
Assembled Order Code: VM106 - £49.95 


Most items are available in kit form (KT suffix) 
or assembled and ready for use (AS prefix). 


Motor Speed Controllers 


Here are just a few of our controller and 
driver modules for AC, DC, Unipolar/Bipolar 
stepper motors and servo motors. See 
website for full details. 


DC Motor Speed Controller (100V/7.5A) 
Control the speed of 
almost any common 
DC motor rated up to 
100V/7.5A. Pulse width 
modulation output for 
maximum motor torque 
at all speeds. Supply: 5-15Vdc. Box supplied. 
Dimensions (mm): 60Wx100Lx60H. 

Kit Order Code: 3067KT - £18.95 

Assembled Order Code: AS3067 - £26.95 


Computer Controlled / Standalone Unipo- 
lar Stepper Motor Driver . bd 
Drives any 5-35Vdc 5,6 —jgffess 
or 8-lead unipolar stepper ‘iee 
motor rated up to6 Amps. (me 
Provides speed and direc- 
tion control. Operates in stand-alone or  PC- 
controlled mode for CNC use. Connect up to 
six 3179 driver boards to a single parallel 
port. Board supply: 9Vdc. PCB: 80x50mm. 
Kit Order Code: 3179KT - £15.95 
Assembled Order Code: AS3179 - £22.95 


Computer Controlled Bi- reat chil sil 
Motor Driver ey Pl 
Drive any 5-50Vdc,5 Amp fa 
bi-polar stepper motor using Fi 
externally supplied 5V lev- § 
els for STEP and DIREC- ci 
TION control. Opto-isolated = . 
inputs make it ideal for CNC applications 
using a PC running suitable software. Board 
supply: 8-30Vdc. PCB: 75x85mm. 

Kit Order Code: 3158KT - £23.95 
Assembled Order Code: AS3158 - £33.95 


Bidirectional DC Motor Speed Controller 
Control the speed of 
most common DC 
motors (rated up to 
32Vdc/10A) in both 
the forward and re- 
verse direction. The 
range of control is from fully OFF to fully ON 
in both directions. The direction and speed 
are controlled using a single potentiometer. 
Screw terminal block for connections. 

Kit Order Code: 3166v2KT - £22.95 
Assembled Order Code: AS3166v2 - £32.95 


AC Motor Speed Controller (600W) 
Reliable and simple to 
install project that allows 
you to adjust the speed of ie 
an electric drill or 230V AC “aa 
single phase induction 
motor rated up to 600 
Watts. Simply turn the potentiometer to adjust 
the motors RPM. PCB: 48x65mm. Not suit- 


able for use with brushless AC motors. 
Kit Order Code: 1074KT - £14.95 
Assembled Order Code: AS1074 - £23.95 


See www.quasarelectronics.com for lots 
more motor controllers 


Credit 
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QUASAR 


electronics 


The Electronic Kit Specialists Since 1993 


Electronic Project Labs 


Great introduction to the world of electron- 
ics. Ideal gift for budding electronics expert! 


500-in-1 Electronic Project Lab 
Top of the range. Com- 
plete self-contained elec- 
tronics course. Takes you 
from beginner to ‘A’ Level 
standard and beyond! 
Contains all the hardware 
and manuals to assemble 
500 projects. You get 3 
comprehensive course | | = 
books (total 368 pages) - Hardware Entry 
Course, Hardware Advanced Course and a 
microprocessor based Software Program- 
ming Course. Each book has individual circuit 
explanations, schematic and connection dia- 
grams. Suitable for age 12+. 

Order Code EPL500 - £179.95 

Also available: 30-in-1 £19.95, 50-in-1 
£29.95, 75-in-1 £39.95 £130-in-1 £44.95 & 
300-in-1 £69.95 (see website for details) 


Tools & Test Equipment 


We stock an extensive range of soldering 
tools, test equipment, power supplies, 
inverters & much more - please visit web- 
site to see our full range of products. 


Two-Channel USB Pc Oscilloscope 
This digital storage oscillo- 
scope uses the power of your 
PC to visualize electrical sig- 
nals. Its high sensitive display yin? 
resolution, down to 0.15mV, 

combined with a high band- oS, 
width and a sampling fre- 

quency of up to 1GHZz are giving this unit all 
the power you need. 

Order Code: PCSU1000 - £399.95 


Personal Scope 10MS/s 

The Personal Scope is not a 
graphical multimeter but a com- 
plete portable oscilloscope at the 
size and the cost of a good mul- 
timeter. Its high sensitivity - down 
to 0.1mV/div - and extended 
scope functions make this unit 
ideal for hobby, service, automo- 
tive and development purposes. Because of 
its exceptional value for money, the Personal 
Scope is well suited for educational use. 
Order Code: HPS10 - £189-95£169.95 


See website for more super deals! 


www. quasarelectronics.com 


Secure Online Ordering Facilities e Full Product Listing, Descriptions & Photos e Kit Documentation & Software Downloads 


KC-5417 £12.75 plus postage & packing 

Enables you to drive up to two stereo headphones from any | 
line level (1V peak to peak) input. The circuit features a 
facility to drive headphones with impedances from about 
8-600 ohms. The kit comes with all 

specified board components and 

‘ an quality fibreglass tinned PCB. 


- Power Supply to Suit: 


j 7. : - KC-5418 £7.50 at 
Everyday Practical Electronics Magazine has been publishing a series of popular kits by the acclaimed Silicon - PC board size: 134 x 103mm (ame 


Chip Magazine Australia. These projects are 'bullet proof' and already tested down under. Featured in EPE: 
All Jaycar kits are supplied with specified board components, quality fibreglass tinned b November 2009 
PCBs and have clear English instructions. Watch this space for future featured kits. FEBRUARY 2011 _ 


TEMPMASTER FRIDGE 


CONTROLLER MK II | : | fet een aa Ni-Cd 
| KC-5476 £12.00 plus postage & packing : | cams nee plus postage : packing or Ni-MH 1.2V cells, or Alkaline 1.5V cells for 9V 
ne ; ppliances or receive alert notification from se 
Turn an old chest freezer into an energy-efficient fridge sa: Bk ah applications. Using low cost, high capacity rechargeable 
or beer keg fridge. Or convert a standard fridge into a SOS EY Ue Pa deer lls, the kit will for itself i time! Y 
wine scaler reales just two of the jobs this low-cost HO YON 1 AUP IIE COMES ele alle - " - $V aa ie ee ea 
and easy-to-build electronic MA aa) als 0 ORICON LOU CIITA DUET SOIKS fe ine the extra is acit au 
ea SEO ee Far with old Nokia handsets such as the 5110, | 1d ' nat au 
the need to modify internal 6110, 3210, and 3310, which can i | hl Pao STAN” 


:; , 9000mAh D cells in 
wiring! Used also to control [Pe OnU Ie NERD EUSUE: Sale ‘eplacement of a low 


12V fridges or freezers, as well | i | . ro 7 a a : ‘ ee ap bs : uP capacity 9V cell. 
as heaters in hatcheries and fish a See ates: aa 

tanks. Short-form kit contains PCB, ae 
sensor and all specified 


pre-programmed microcontroller 
and all electronics 
components with manual. 


| components. You'll need to add your . ; . 
own 240V GPO, switched IEC socket and case. \ adie Seren can be readily found 


|. pce: FEATURED 7 I Featured in EPE: March 2007 Hz 
X PCB: 68 x 67mm THIS MONTH g - | 


© Kit supplied with PCB, and all electronic components. 
\ Featured in EPE: June 2007 


a ~ KC-5454 £16.00 plus postage & packing 
This kit has been improved and can now be set up easily 
to record two, four or eight different messages for 
random-access playback or a single message for ‘tape 
KC-5393 £36.25 plus postage & packing | mode’ playback. Also, it now provides cleaner and glitch- 
Radio Frequency Identity (RFID) is a contact-less method of controlling an event such as a door strike or | He lin ee ee suitable 
alarm etc. An "RFID Tag" transmits a unique code when energised by the receiver's magnetic field. As p. | eke 
_ long as a pre-programmed tag is recognised by the receiver, access is granted. This module a Se gar any 
provides normally open and normally closed relay contacts for flexibility. It works with all | e.* C= source of 9-14V DC. Banana D xi 
- EM-4001 compliant RFID tags. Nie, | Les ieee ey 
\ + Kit supplied with PCB, tag, and electronic components. Featured in EPE: August 2007 Why Je - Supplied with silk _— 
Luxeon high power LEDs are some of the brightest LEDs 


screened and solder masked FEATURED 
| PCB and all electronic components. | 
A ° PCB: 120 x 58mm THIS MONTH y 
available in the world. They offer up to 120 lumens per 


unit, and will last up to 100,000 hours! This kit allows you KC-5459 £23.75 plus postage & packing KC-5392 £7.50 plus postage & packing 
to power the fantastic 1W, 3W, and 5W Luxeon Star Put those old CD-ROM drives to good use as CD players Many modern cars feature a time delay on the interior 
LEDs from 12VDC. This means that you can = using this nifty adaptor kit. The adaptor accepts signals light. It still allows you time to buckle up and get 
take advantage of what these ye from common TV remote controls and mm '| organised before the light dims and finally goes out. This 
fantastic LEDs have to offer, oa operates the audio functions oo a! kit provides that feature for cars which don't already 
and use them in your cat, «<s cs 5 i eee’ (Of the drive as easily a5 you Femme | provide it. It has a soft fade out after a set 
boat, or caravan. A oo ©. © @_ £ would control a normal cD Vw: a oe wm time has elapsed, and features much 
a. a | player. Kit features a double eee BB simpler universal wiring than 

- Kit supplied with PCB, and We | sided PCB, pre-programmed W previous models we have had. 
| all electronic components. 2 fe «Micro controller, and IDC ; 4 
A Featured in EPE: April 2007 y connectors for the display panel. fe Kit supplied with PCB with 

“= — overlay, and all electronic components. 
- Suitable for circuits switching ground or +12V or 24VDC 
| all required electronic components. | (car & truck with negative chassis.) 
\ Featured in EPE: January 2010 Jy - PCB Dimensions: 78 x 46mm 

= — . —_ A Featured in EPE: February 2007 


| KC-5389 £11.00 plus postage & packing 


| KC-5361 £20.00 plus postage & packing 
Program both the microcontroller and EEPROM in the 


popular gold, silver and emerald wafer cards. Card used ‘ AUTOMOTIVE KITS 


needs to conform to ISO-7816 standards. Powered by 9-12 | . : no ‘ ; 
VDC wall adaptor such as Maplin MG81C or a 9V battery. Capacitor Discharge Ignition Voltage Monitor Kit 


Instructions outline software requirements that are freely i ; : ; 
eae aa ReaRIcael Kit for Motor Bikes . KC-5424 £8.50 plus postage & packing 
KC-5466 £8.00 plus postage & packing This versatile kit will allow you to monitor the battery 


- Kit supplied with PCB, wafer card = hell Many modern motor bikes use a Capacitor Discharge Ignition voltage, the airflow meter or oxygen sensor in your car. 
socket and all electronic = Mm (CDI) to improve performance and enhance reliability. However, The kit features 10 LEDs that illuminate in response to the 
components. Be if the CDI ignition module fails, a replacement can be very measured voltage, preset 9-16V, 0.-5V or 0-1V ranges, 

* PCB measures: 141 x 101mm See oe! RB, expensive. This kit will replace many failed factory units and is | Complete with a fast response time, high input impedance 

Please Note: Jaycar Electronics will not 1 Va es suitable for engines that provide a positive capacitor voltage and auto dimming for night time driving. 

accept responsibility for the operation of Ee. and have a separate trigger coil. Supplied with solder - Kit includes PCB with overlay, LED bar graph 

this device, its related software, or its ie yal masked PCB and overlay, case and components. and all electronic components. 

potential to be used for unlawful purposes. Ee a. Pe Some mounting hardware required. ; - 12V0C 


| Featured in EPE: May 2006 i——rZ 
\ - PCB: 45 x 64mm } - Recommended box: 
x \ 


| Featured in EPE: June/July 2010 2) Oe BRA UB5 use HB-6015 £1.00 | 
Xx ee Featured in EPE: November 2007 


0800 032 7241 


AU 


Electronic En 


4 AUDIO AMPLIFIER KITS 


"The Champ" Audio Amplifier 
KC-5152 £3.00 plus postage & packing 
This tiny module uses the LM386 audio IC, and will 
deliver 0.5W into 8 ohms from a 9 volt supply making it 
ideal for all those basic audio projects. It features variable 
gain, will happily run from 
4-12VDC and is smaller than a 9 im 
volt battery, allowing it to fit ie. 
into the tightest of spaces. 47 


* PCB and all electronic 
components included 


vPre-Champ" Versatile Preamplifier 
KC-5166 £3.50 plus postage & packing 

This tiny preamp was specifically designed to be used with 
the 'Champ' amplifier KC-5152. Unless you have a signal of 
sufficient amplitude the 'Champ' will not produce its 
maximum power output. The 'Pre-Champ' is the answer 
with a gain in excess of 40dB, which is more than enough 
for most applications. You can vary the gain by changing a 
resistor and there is even provision on the 

PCB for an electret microphone. 

Use AM-4010 £1.00. 


* Power requirement 
6-12VDC. 

- Kit includes PCB and 
electronic components 

1 * Can be battery powered 


~~ 


Lj 
‘hs 


i] 
i 


50 Watt Amplifier Module 
KC-5150 £11.00 plus postage & packing 
This 50 watt unit uses a single chip 

module and provides 50WRMS @ 8 ohms 

with very low distortion. PC Board « 

and electronic components ve | 

supplied. PC Board size only 84 aie 

x 58mm. Requires heatsink. See 

website for full specs. 


¢ Heatsink to suit HH-8590 £7.25 


Universal Stereo Preamplifier 

KC-5159 £6.25 plus postage & packing 

Based around the low noise LM833 dual op-amp IC, this 
preamp is designed for use with a magnetic cartridge, 
cassette deck or dynamic microphone. The performance of 
this design is far better than most preamps in many stereo 
amplifiers, making it a worthy replacement if your current 
preamp falls short of expectation. It features RIAA/IEC 
equalisation, and is supplied with all components to build 
either the phono, tape or microphone version. : 


* Measuring only 80x78x30mmn, it is 
ideal for incorporating into existing 
equipment and is hence supplied 
short form of PCB and specified 
components plus PCB standoffs for 
mounting. 

> +/- 15VDC required, use KC-5038 £5.50. 

- If power is not available in your equipment 
use MM-2007 £3.50. 


KIT OF THE MONTH 


YWearing Loop Receiver Kit 
| KC-5497 £12.50 plus 

e & packin . 
| Aen a; is ama assisted listening 

| system for the hearing impaired. They're typically | 
| installed in venues such as churches and conference | 
| to enable listeners to receive In-eaf | 
| aint iol via a wireless induction loop. You can | 
| now install this technology on your own TV, home 

| theatre or hi-fi system. This will enable someone 

1 who's hard of hearing to hear at their own volume 
| level without having to turn the volume UP ge 

' to a level too high for everyone | 

| else. The receiver will drive a pall @ 
_ of headphone or earbuds from the 

) signal picked up from the hearing 

} loop. The whole unit is 

- completely self-contained and 

| can be carried around in a 

} pocket or you can add your 

own belt clip, so the user isn't 

) constrained by a set of 

| headphone leads. The kit is 

| complete with case, label, 

| PCB and components. 


- Note: Transmitter not included 


jaycar 
HEARING LOOP 
RECEIVER 


|. Current consumption: 10mA 

| + Frequency response: 100Hz - 5KHz 

| . S/N ratio: 67dB | 
x Battery voltage indication: Down to N — 


POST & PACKING CHARGES 


Order Value Cost 
£10 - £49.99 
£50 - £99.99 
£100 - £199.99 


Note: Products are 
despatched from Australia, 
so local customs duty & 
taxes may apply. 
E200T=SE499009 ¢ All pricing in 

£500+ Pounds Sterling 

Max weight 12Ib (5kg) * Minimum order £10 


Heavier parcels POA Prices valid until 
\ | Minimum order £10 28/2/2011 


KC-5469 £10.50 plus postage & packing 

Enables you to run a stereo amplifier in ‘Bridged Mode' to 
effectively double the power available to drive a single 
speaker. There are no modifications required on the 
amplifier and the signal processing is done by 

this clever kit. Supplied with silk screened game 
PCB and components. Requires _ ccs iii 
balanced (+/-) power supply. “ 


A> PCB: 103 x 85mm 


KC-5172 £6.00 plus postage & packing 

Voice operated relays are used for ‘hands free' radio 
communications and some PA applications etc. Instead of 
pushing a button, this device is activated by the sound of 
a voice. This tiny kit fits in the tightest spaces and 

has almost no turn-on delay. 

12VDC @ 35mA 

required. Kit is supplied \ 

with PCB, electret mic, 

and all specified 

components. 


OVER 480° 


F R E PAGES 


JAYCAR 2010: 


_ 


UK CATALOGUE 
www.jaycarelectronics.co.uk/catalogue 
Log in for your 
free copy 


¢ PCB: 47 x 44mm 


HOW TO ORDER 


www.jaycarelectronics.co.uk 

0800 032 7241* 

+61 2 8832 3118" 
techstore@jaycarelectronics.co.uk 

P.O. Box 107, Rydalmere NSW 2116 Australia 


“Australian Eastern Standard Time 
(Monday - Friday 09.00 to 17.30 GMT + 10 hours) 


Expect 10-14 days for air parcel delivery 


Order online: www.jaycarelectronics.co.uk 


| KC-5495 £16.50 plus postage & packing 

| An ideal project for anyone wanting a compact and 

| portable stereo amp where 12V power is available. No 
mains voltages, so it's safe as a beginner's first amp. 
Performance is excellent with 20WRMS per channel at 
14.4V into 4 ohms and THD of less than 0.03%. 

| Shortform kit only. a - 


- Kit includes PCB & on-board 
electronic components 
¢ 12VDC 
- Recommended heatsink Cat 
A No. HH-8570 £2.50 


N 


KC-5178 £6.25 plus postage & packing 

Clifford hides in the dark and chirps annoyingly until a 
light is turned on - just like a real cricket. Clifford is 
created on a small PCB, measuring just 40 x 35mm and 
has cute little LED insect eyes that flash as it sings. Just 
like a real cricket, it waits a few 

seconds after darkness until it begins 

chirping, and stops instantly when a 

light comes back on. 


* PCB, piezo buzzer, 
_ LDR plus all electronic 
components supplied 


KA-1809 £10.50 plus postage & packing 
Assists people who have difficulty hearing high audio 
frequencies, or use as an interesting education aid in the 
classroom. By amplifying high audio frequencies, 
conversations will be made clearer and you will 
hear sounds not normally heard such as 
insects or a watch ticking. Kit 
| supplied with case, processed 
panels, PCB, 9V battery, and 
all electronic components. 

Headphones required. 


| * PCB: 56 x 26mm 
A Note: Not a replacement for a proper hearing aid. 


KG-9092 £5.00 plus postage & packing 
This kit generates a deep sounding noise 
similar to fog horns on ships. Use as a 

unique warning siren or to improve a 

child’s toy. Operating voltage is 4.5V to 

12VDC. Output power up to 5 watts 

| depending on the input voltage used. 

k Requires an 8ohm speaker. 


‘ RADIO KITS 
| Miniature FM Transmitter 


fy KE-4711 £5.00 plus postage & packing 
# This unit is a two transistor two stage transmitter that 


| COMPACT. Kit contains PCB, 9V 
beginners kit. 
100-200MHz VHF Converter 

example, taxis, amateur radio operators, marine radio, 
antenna avoiding messy 


| has the benefits of being VERY 
battery and all components, and 
makes an ideal, inexpensive ; S 
* PC board size - 45 x 22mm 
- 9VDC 
KG-9128 £11.00 plus postage & packing 
This simple to build kit makes it feasible to receive, for 
television audio carriers, etc. The kit connects 
in-line with your VHF receiver's 
installation and receiver 
modifications. 


\ Operating voltage 9V DC 


aycar 


~OPA95GP_ 


4000 Series = 74HC157_—- £0.22 7415368 £0.21 £8.69 Diodes Thyristors BC225 £0.15 BU208A NOW ONLINE 
4000B £0.27 74HC158 = £0.23 74LS373 ~—- £0.43 RC4136 1.00 1N914 £0.05 2 £0.19 BC237B £0.11 BU326A Take Control ! 
4001B £0.16 74HC161 £0.27 74LS374 £0.38 SG3524N ~—- £0.82 1N4001 £0.04 2N5061 £0.19 BC238B £0.11 BU500 New range of 
4002B £0.19 74HC162 £0.45 74LS378 £0.62 SG3543 £6.88 1N4002 £0.05 BT151-500R £0.65 BC250A —- £0.15 BU508A contol knobs 
006B £0.65 74HC163 £0.26 74LS390 £0.34 SSM2141P £3.21 1N4003 £0.03 POI02AA £0.30 BC261B £0.30 BU508D 
4009UB £0.23 74HC164 £0.20 74LS393 £0.33 SSM2142P £6.16 1N4004 £0.04 TIC106D £0.60 BC262B £0.24 BU806 
4010B £0.23 74HC165 £0.26 74LS395 £0.26 SSM2143P £3.78 1N4005 £0.04 TIC]116D £0.66 BC267B £0.36 BUTIIAF 
4011B £0.16 74HC173 £0.38 74 Seri TBA120S £1.04 1N4006 £0.04 TIC126D £0.77 BE3I9C SONS X84 
40128 £0.16 74HC174 £0.27 Fyn zr emte> oy yy TBABSO0 = £0.75 IN4007 £0.03 Tries BC327 £0.08 BUZ900 
4013B £0.24 74HC175_~—s £0.35 ““ TBA820M_ ~—s- £0.53. 1N4148 £0.03 BC327-25 £0.08 BUZ?00P 
BT136-500 £0.58 
0.30 74HC193 £0.39 Linear ICs TDA1170S_ £4.80 1N4149 0:07 328 £0.09 Z905 
4014B £0.30 7 BT136-600 £0.50 p 
4015B £0.27 74HC195 £0.32 AD524AD £23. ie TDA2004. £2.24 1N5400 £0.08 81137-400 £058 icine eae ane 
4016B £0.20 74HC240 £0.32 ADS48JN = £2.48 TDA2003V_ £1.25 1N540] £0.08 p7139-500 £100 es Ae ) ay EER 
4017B £0.26 74HC241_ £0.37 ADS9QJH = £5.28 TDA2030AV £1.24 IN5402 £0.08 B1130 209 © £120 
AD595AQ £13.92 1N5404 £0.09 BC357 £0.25 IRF630 
4018B £0.25 74HC244 £0.40 TDA2050V_ £2.51 BTAO8-600B £0.84 
AD620AN £9.88 1N5406 £0.10 BC393 £0.73 IRF640 
4019B £0.25 74HC245 = £0.34 TDA2611A £1.88 BTAO8-600aw£0.76 
AD625JN £16.20 1N5407 £0.10 BC461 £0.41 IRF730 High Qualit 
4020B £0.31 74HC251 ~—- £0.30 2OMIDAZS22A O77 60:19 BIA08-600C £0.96 RBE1g3 60:99 IBF740 gh Sally 
4021B £0.22 74HC253 = £0.25 AD633! £5.81 TDA2653A_ £2.99 ‘44 BIA08-600sw£0.93 et Fixin 
AD648JN £2.57 6A05 2077 BC477 £0.52 IRF830 Control Knobs 
4022B £0.38 74HC257 ~=—- £0.25 .57 TED3718DP £5.03 BTA08-6001w£0.93 
AD654JN £5.51 TEA Gera) cru £0.30 BC479 £0.32 IRF840 www.esr.co.uk 
4023B £0.23 74HC259 £0. 29 TEAS115 5 6A2 £0 D7. BIA12- 600sw£0. O27 BC516 £0. 2] MJ2955 
4024B £0.22 74HC273 £0.32 ADZIIJN £1.97 TLO6ICP = £0.21 94 6059 BIA16.600cw£1.45 BEB 60°14 MI0501 
4025B £0.20 74HC299 = £0.61 ADZ36JN £5.80 TLO62CP £0.21 Bae 60°39 BIAI6-600B £1.28 B&54e— = 0:06 M3001 On the WEB 
4026B £0.67 7AHC365 £0.28 AD797AN £7.25 TLO64CN £0.29 ne 60°39 BIA26-600B £2.78 BERAZC 0:08 MI11015 Check out our web 
4027B £0.21 74HC367 £0.38 AD811N £6.00 TLO71CN £0.30 A10 £0.35 TIC206D £0.8 BC547A £0.09 MJ11016 : site with more 
4028B £0.21 74HC368 £0.29 ADBIZAN £6.32 TLO72CN —_ £0.20 Bay 57 6007 LIC206M =—s- £0.75 BE547B 60:09 MJE340 Se (lida ig 
4029B £0.38 74HC373 £0.35 AD820AN £3.41 TLO74CN 0) 5) BA159 60.13 TIC226D £0.80 BC547C £0.10 MJE350 C GIONS: t 
4035B £0.31 74HC390 £0.37 AD829JN £6.41 TLO82CN £0.32 BATA? £0.07 TIC246D £1.00 BC548B £0.09 MPSA13 . Onn Ors 
4041B £0.31 74HC563 £0.56 AD847JN £5.95 TL7705ACP £0.82 BAT85 $0109 esse Elel2 9C5A9B £0.09 MPSA55 Reel sauces 
4042B £0.19 74HC573. = £0.27 AD9696KN £7.73 TLC271 £0.63 Bay?) £0.07 p BC549C ~—-_- £0.09 MPSA56.__—s- £0.12 Fans & Heat- 
40438 £0.35 74HC574 £0.30 ADEL2020A £5.06 TS272CN £0.57 Bawé2 _—-£0.08 pia 32V £0.08 BCS50C ~=—- £0.11 STPIANF10 £0.49 Habe 
4046B £0.42 74HC595 £0.27 ADM222AH1 £3.55 TS274CN —- £0.50 BAx1é6 £0.05 © BCS6A £0.08 STWRONE-10£3.80 ee 
4047B £0.25 74HC597 £0.22 ADM232/AA £3.55 TSSS5CN £0.26 By] 97 £0.18 Transistors BC556B  —«£0.10 TIP29A OPI lard care 
iBise £5.39 ZACGRR, EOAE ADMCcaAN £2.79 Unralen, £019 Bilge 0.10 2NZ222A° "0.20 BCSE7A OGY IPA 
A91 £0.32 2N2 1.02 BC557B s 
4049UB £0.17 74HC4017. £0.24 ADM690AN £5.13 ULN2003A £0.38 O50 £0.56 5ND904A NO) Gels hG £0.09 TIP30C vipment 
4050B £0.20 74HC4020 =£0.36 ADM691AN £6.48 ULN2004A £0.44 GFd001 £0.08 2N2905A £0.30 BC558A £0.08 TIP31A Power Supplies 
4051B £0.23 74HC4040 £0.29 ADM695AN £6.48 ULN2803A £0.45 Yr4go2 £0.08 2N2907A £0.28 BC558B £0.09 TIP31C Relays | 
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PROJECTS AND CIRCUITS 
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that the advice and data given to readers is 
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A number of projects and circuits published in 
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A roundup of the latest Everyday 
News from the world of 
electronics 


Teleconference revolution by Barry Fox 


t’s not often a room full of hard-bitten tech- 

nology journalists applaud a demonstration 
— especially when many of them think they 
have just been invited to a party. But it hap- 
pened shortly before Christmas, when Califor- 
nian company Polycom hosted festive drinks 
in offices near Liverpool Street station. 

After an hour of pleasantries, Ray Mc- 
Groarty, solutions marketing director for 
Polycom in Europe and the Middle East, 
offered a demonstration of ‘telepresence’ — 
teleconferencing brought up to date and into 
the realms of sci-fi. 

Teleconferencing first took off during 
the Gulf Wars, when executives feared fly- 
ing. Instead, they paid BT in the UK or 
AT&T in the US high prices per hour for 
a dedicated satellite link between cameras 
and microphones in board rooms across 
the world. Since then, the Internet, and ad- 
vances in digital compression, have made 
teleconferencing much cheaper, with smart 
microphones and cameras that track who- 
ever is talking. 

But Internet links often deliver poor qual- 
ity pictures, with eyes and mouths discon- 
certingly blurred by motion. The memory 
buffering used to correct digital errors can 
destroy lip sync and add a disturbing delay 
between questions and answers. 


‘It may be alright for a short talk, but 
some companies are spending whole days 
on conference calls, and it gets very fatigu- 
ing’ said Ray McGroarty. 


Making a link 

Although Polycom makes basic desktop, 
laptop and tablet conference systems that will 
interface with existing video and audio con- 
ference calls, the solution on offer for com- 
panies that conference all day is a $250,000 
telepresence suite. One wall of the room has 
wood panelling surrounding four large 1080p 
full HD back projection screens, which visu- 
ally stitch together to make a single wall-size 
screen. Participants sit in leather tilt back 
chairs at room-length desks, with personal 
screens that can display maps or photos. Hid- 
den cameras and microphones home in on 
whoever is talking. 

At the other end of the conference link, a 
matching room displays the reverse view. So 
participants in London see their counterparts 
in New York in what looks like an extension 
of the London room — and vice versa. 

The lack of signal delay and perfect lip 
sync at the London demo made some of the 
more sceptical press ask for tests to prove the 
link was genuinely live and transatlantic. The 
New Yorkers clapped their hands in response 


to claps from London, showing perfect sync 
between sound and vision and a delay of only 
a fraction of a second; the window blinds in 
the New York room were opened and the 
camera panned over the cityscape. 


No secret 

Ray McGroarty later revealed some of the 
technical secrets. Open standard H.264 video 
compression is handled by hardware rather 
than software, to accelerate the processing. 
Although the total bandwidth needed for real- 
time multiscreen display is under 15Mbps, the 
IP over Internet system does not request ‘lost 
packet resend’ when there are transmission 
glitches. Instead, the codec interpolates, using 
good packets that describe part of the image to 
replace lost packets that describe a nearby part. 

This technique (similar to the CD system’s 
ability to guesstimate glitch gaps in the mu- 
sic) can disguise up to 5% packet loss. So all 
Polycom’s data traffic is in real time, with no 
memory buffering. 

Will there ever be a consumer version? Mc- 
Groarty is cagey: “We already have an app for 
a Samsung Galaxy tablet, and a Lite Agent that 
lets a laptop hook into a conference at around 
256kbps. Our system cannot yet talk to a Skype 
terminal, because Skype uses proprietary cod- 
ing. But it will... 


Staggering costs of missing laptops - but few take precautions 


A‘ survey shows US businesses and 
other organisations are losing billions 
of dollars due to lost and stolen laptop 
computers. Yet, two-thirds do not take ad- 
vantage of even basic security practices, 
such as encryption, back-up and anti-theft 
technology. 


Percentage of Laptops Lost Due to Theft 


“Only 5% of lost laptops are ever recovered. 


Around 60% of lost laptops ‘simply disappear’ 


‘The Billion Dollar Lost-Laptop Study,’ 
conducted by Intel and the Ponemon Insti- 
tute, analysed the scope and circumstances 
of missing laptop PCs. The survey found that 
the 329 organisations polled had collectively 
lost more than 86,000 laptops, worth a stag- 
gering $2.1 billion. 

‘Looking at these results, you 
can barely fathom the significant 
financial impact of missing lap- 
tops, said Anand Pashupathy, 
general manager, Intel Anti- 
Theft Services. ‘More astonish- 
ing, considering the vulnerabil- 
ity of laptops and their data, is 
that the majority of these com- 
panies aren’t taking even basic 
precautions to protect them.’ 

The losses resulted from data 
breach, lost intellectual prop- 
erty, reduced productivity and 
legal and regulatory charges, 
among others. 


Of the 11 industries surveyed, educational 
and research institutions reported the most 
lost or stolen laptops — at just under 11% 
of their mobile fleets. Financial institutions 
scored the best, losing only a little over 5% of 
their mobile PCs. 

The primary methods of keeping mobile 
PC fleets safe — hard disk encryption, data 
back-up and anti-theft technologies — are far 
from pervasive. While 46 percent of the lost 
systems contained confidential data, astound- 
ingly only 30 percent of those systems were 
encrypted, and only 10 percent had any other 
anti-theft technologies. Possibly most surpris- 
ing, 71 percent of laptops lost were not backed 
up, meaning not only did organisations lose 
sensitive data, but any work in progress was 
gone as well. 

Somewhat surprisingly, the study confirmed 
that thieves made off with only 25 percent of 
the missing laptops, though they were suspect- 
ed in another 15 percent of cases. The rest — 60 
percent — were logged as simply ‘missing’. 
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BM scientists have unveiled a new 

chip technology that integrates elec- 
trical and optical devices on the same 
piece of silicon, enabling computer 
chips to communicate using pulses 
of light (instead of electrical signals), 
resulting in smaller, faster and more 
power-efficient chips than is possible 
with conventional technologies. 

The new technology, called 
‘CMOS integrated silicon nanopho- 
tonics’, is the result of a decade of 
development at IBM’s global re- 
search laboratories. The patented 
technology will change and improve 
the way computer chips communi- 
cate — by integrating optical devices 
and functions directly onto a silicon 
chip, enabling over ten-times improvement 
in integration density than is feasible with 
current manufacturing techniques. 

IBM anticipates that silicon nanophoton- 
ics will dramatically increase the speed and 
performance between chips, and further the 
company’s ambitious exascale computing 
program, which is aimed at developing a 
supercomputer that can perform one million 
trillion calculations — or an exaflop — in a 


NANOPHOTONICS 


single second. An exascale supercomputer 
will be approximately one thousand times 
faster than the fastest machine today. 

‘The development of the silicon nanopho- 
tonics technology brings the vision of on- 
chip optical interconnections much closer to 
reality, said Dr Chen, vice president, Sci- 
ence and Technology, IBM Research. ‘With 
optical communications embedded into 
the processor chips, the prospect of build- 
ing power-efficient computer systems with 


performance at the exaflop level is 
one step closer to reality.’ 

In addition to combining electrical 
and optical devices on a single chip, 
the new IBM technology can be pro- 
duced on the front-end of a standard 
CMOS manufacturing line and re- 
quires no new or special tooling. With 
this approach, silicon transistors can 
share the same silicon layer with sili- 
con nanophotonics devices. To make 
this approach possible, IBM research- 
ers have developed a suite of integrat- 
ed ultra-compact active and passive 
silicon nanophotonics devices that are 
all scaled down to the diffraction limit 
— the smallest size that dielectric op- 
tics can afford. 

The density of optical and electrical integra- 
tion demonstrated by IBM’s new technology 
is unprecedented — a single transceiver chan- 
nel with all accompanying optical and electri- 
cal circuitry occupies only 0.5mm? — ten-times 
smaller than previously designs. The technol- 
ogy is amenable for building single-chip trans- 
ceivers with an area as small as 4x4mm/ that 
can receive and transmit over terabits per sec- 
ond, that is over a trillion bits per second. 


New generation of high-speed memory card format 


Su Sony and Nikon have an- 
nounced the joint development of a set 
of specifications that address the future re- 
quirements of professional photography and 
video markets. 

Professional photography and HD video 
applications require a new generation of 
memory cards capable of processing signifi- 
cantly larger files. To address the imaging in- 
dustry’s future speed and capacity demands, 
SanDisk, Sony and Nikon proposed a new 
card specification whose performance and 
storage capabilities surpass those of existing 
memory cards. 

The proposed specifications achieve data 
transfer rates of up to SOOMB/sec using the 
highly versatile PCI Express interface. The in- 
creased speeds will enable imaging and video 
applications that could not be accomplished 
using the current CompactFlash specification. 


The new specifications’ faster speeds 
enable continuous burst shooting of mas- 
sive RAW images. The enhanced per- 
formance also allows users to quickly 
transfer storage-intensive high-resolution 
photos and videos from the card to a com- 
puter. The specifications combine high- 
speed data transfer with low power con- 
sumption via a power scaling system to 
extend battery life. 

Similar in size to a CompactFlash 
card, the new memory card specifica- 
tions also meet the future capacity and 
durability requirements of professional 
imaging applications. The proposed new 
specifications has the potential to extend 
theoretical maximum capacities beyond 
two terabytes, making it especially useful 
for high resolution images and HD video 
applications. 


Free notebooks for testing! 


ast year, Google announced Chrome 
OS, an operating system being built 

and optimised for the web. The key idea 
is that since many people already spend 
all their time in a web browser, then 
by building an operating system 
that is essentially a browser, 
it should be possible to make 
computers faster, much simpler 
and fundamentally more secure. 

In December 2010, Google 
announced that Chrome OS is at 
the stage where it needs feedback 
from real users. They have launched a pi- 
lot programme where they will give test 
notebooks to qualified users, develop- 
ers, schools and businesses. The scheme 
will start with the US, but then expand to 
other countries. 

The test notebooks exist only to test 
the software — they are black, have no 


branding, no logos, no stickers, nothing. 
They do have 12.1-inch screens, full-sized 
keyboards and touch pads, integrated 3G 

connectivity, eight hours of battery life and 
eight days of standby time. 

Chrome notebooks are designed 
to reach the web instantly, are easy 
to share among friends and fam- 
ily, and simply by logging in, all 
of your apps, bookmarks and other 

browser settings are there. Setting 
up a new machine takes less than a 
minute. Google claim that ‘even at this 
early stage... there is no consumer or business 
operating system that is more secure’. 

Chrome OS is designed to work across 

a wide range of screen sizes and form 
factors, enabling their partners to deliver 
computing devices beyond notebooks. For 
more information, see: www.google.com/ 
chromeos. 
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Sir Maurice Wilkes - ‘father of 
British computing’ dies 

he ‘father’ of British computing, Sir 

Maurice Wilkes, has died at the age of 
97. He was the designer and creator of EDSAC 
(Electronic Delay Storage Automatic Calcu- 
lator), a computer that ran its first program in 
May 1949. 

The machine, built at Cambridge Uni- 
versity, became the first stored program 
machine and influenced the early British 
computer industry. 

He was a founder member of the British 
Computer Society (BCS) and its first presi- 
dent (1957-1960). 


Broadband get Scilly 


Aw Communications has announced a 
ve-year agreement with BT to provide 
satellite broadband services via its HYLAS 1 
satellite, launched into orbit on 26 November 
2010. Under the agreement, Avanti will sup- 
ply satellite broadband services for BT as part 
of a recently announced £132 million next- 
generation access project in Cornwall and the 
Isles of Scilly, of which BT is a major partner. 

The Cornwall and Isles of Scilly project 
expects to offer alternative technologies, 
such as satellite broadband, to the minority 
of homes and business in Cornwall and the 
Isles of Scilly, which remain unable to re- 
ceive super-fast fibre broadband. The agree- 
ment is not limited to Cornwall, however, and 
will allow BT to provide satellite broadband 
services to other parts of the UK. 
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Into special effects photography? Or want to be? Try this! 


TIME DELAY 


by Jim Rowe 
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Want to try your hand at ‘stop motion’ photography, where dynamic events such 
as a match bursting into flame, an object splashing into a container of liquid or a 
projectile passing through a light bulb, are captured at a crucial moment? 
Here’s a project designed specifically for this kind of work. It lets you trigger 
your electronic flash at the precise moment for a great picture. 
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Who let the smoke out? 30ms after we smashed the light bulb by hitting it with a metal weight (that’s it on the right), the 
filament is only now starting to realise it’s lost half of its bulb and is starting to burn up, with flame and smoke. This is a 
combined time exposure (hence the warm glow from the lamp) and flash shot using the delayed trigger (hence the white 
pieces of glass). Believe it or not, this was the first shot we took — and a dozen light globes later, we decided it was the best! 


AVE you been intrigued 
H» those impressive photos 

capturing the crown-shaped 
splash when a drop falls into a dish 
of milk, or the tip of a chameleon’s 
tongue when it’s attaching itself to a 
flying insect? Ora light bulb shattering 
as a bullet enters it? These are the kind 
of shots which can be achieved using 
‘stop motion’ photography. 

You don’t need much gear to take 
these shots. The main requirement is 
a camera with a very fast shutter speed 
or an electronic flash. 

Either way, you need an electronic 
triggering unit to either open the cam- 
era shutter release, or fire the flash au- 
tomatically in response to a reference 
event — such as a sound (like a ‘bang’ 
or ‘click’) or a contact closure (like 
the contacts in a PIR motion sensor). 

The electronic triggering unit must 
have an accurately adjustable delay 
time. This allows you to set the cam- 
era or flash triggering to occur not 
just automatically in response to the 
reference event, but a known period 
of time after it. 

So, if you predict that the crucial 
event you want to capture occurs about 


40ms (milliseconds) after the reference 
event (eg, the bang or click, or contact 
closure), you can set the triggering delay 
to 40ms and see if this gets the shot. Ifit 
then turns out that the shot was a little 
early or late, you can either reduce or in- 
crease the delay to get the precise result. 


Electronic triggering 


So that’s the rationale behind the 
Time Delay Photoflash Trigger project. 
It’s an automatic electronic shutter 
release/flash trigger unit, with a delay 
time which can be adjusted in 1ms 
steps from 0 to 999ms or alternatively, 
in 10ms steps from 0 to 9.99 seconds. 

Triggering can be from an elec- 
tret microphone (to pick up sound 
‘events’) or other devices like a PIR 


Trigger inputs: 
Delay time: 


(passive infrared) motion sensor, light- 
beam interrupter system, or custom 
sensor switches such as microswitches 
attached to machinery. 

It is housed in a plastic case, which 
on the front panel (lid of case) has 
three rotary switches to set the time 
delay; a sensitivity control for the 
microphone/preamp; an ‘arm’ button; 
toggle switches to turn on power and 
to select the time delay; a red LED to 
show that the unit has been triggered 
and a green LED to show that the flash 
or shutter has been fired. 

Along the top side of the case are 
four sockets which connect an electret 
microphone, an external trigger (eg, 
PIR sensor), the electronic flash and, if 
required, the electronic camera shutter. 


Electret microphone or external trigger (via PIR sensor etc) 
0 to 999ms in 1ms increments or 


0 to 9.99 seconds in 10ms increments 


Timing accuracy: %dmsor10ms 


Outputs: 


(1) Non-delayed triggering for external shutter release 


(2) Delayed triggering for electronic flash 


Power: 
Consumption: 
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9V alkaline battery 
16mA (standby); 30mA when triggered. 
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How it works 


The block diagram of Fig.1 shows 
how it works. It has four states: the 
‘waiting’ state — powered on; the 
‘armed’ state, where the unit is waiting 
for a triggering input; the ‘triggered’ 
state, where the time delay is counting 
through and finally the ‘fired’ or ‘ready’ 
state, where the time has elapsed and 
the unit has fired the electronic flash 
or electronic shutter. 

When FF2 is in its reset state (Q 
high) the circuit is in the ‘ready’ 
state, but when the flip-flop is trig- 
gered and switches to its set state 
(Q high) this swings the circuit into 
its ‘triggered’ state. 

When the circuit is first turned on, 
FF2 is reset and so the circuit is in the 
‘waiting’ state. The flip-flop’s Q output 
is high, the Q output is low and as a 
result LED1 is turned on to show that 
the circuit is ‘ready’ for action. 

A logic high is also applied to the 
MR (master reset) inputs of decade 
counters 1 to 3, forcing them all to reset 
with their ‘0’ outputs high. 

At the same time, because FF2’s Q 
output is low, the EN (enable) input 
of counter 1 is held low, preventing 
the counters from operating. The only 
other part of the circuit which operates 
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in this ‘ready’ state is the 38kHz crystal 
oscillator and divider chain, which 
runs all the time because it’s used 
to generate the delay timing pulses. 
The divider chain is programmed 
by a switch (S6) to divide the crystal 
frequency by either 380 or 38, to give 
timing pulses of either 100Hz (10ms) 
or 1kHz (1ms) respectively. 

These pulses are fed to the CK 
(clock) input of counter 1, but while 
the circuit is in the ready state the 
counters can’t respond. 


Trigger gating 

When a sound is picked up by the 
plug-in electret microphone, the mic 
signal is amplified and ‘squared up’ 
in the preamp/squarer section, then 
inverted and fed to one input of the 
OR gate. 

The output of the OR gate is then 
fed via a differentiator circuit and an 
inverter to one input of a NAND gate 
— trigger gate IC7c. The other input of 
this gate is connected to the Q output 
of control flip-flop 1 (FF1), which is 
used to ensure that only one trigger 
pulse can get through to trigger FF2. 

The trigger gate is only ‘open’ when 
FF1 is set, by briefly pulling its S in- 
put low using the ‘ARM’ pushbutton 


peseroeravcountenL [| 


GATE 
ENABLE 


END OF 
DELAY TIME 


NAND GATE 
(D1-D3, IC8d) 


S5. The Q output then switches high, 
bringing the second input of the trigger 
gate high and thus allowing a trigger 
pulse to pass through and reach the S 
input of FF2. This flip-flop is therefore 
triggered, switching to the set state 
— with the Q output switching high 
and the Q output switching low. So 
the circuit now swings into its ‘trig- 
gered’ state. 

But notice that as soon as the Q 
output of FF2 switches low, this imme- 
diately pulls down the R (reset) input 
of FF 1, resetting this again and causing 
its Q output to switch low. This closes 
the trigger gate, ‘disarming’ the circuit 
to prevent any further triggering until 
S5 is pressed again, to re-arm it. 

Note that this triggering action 
can also be produced by the closing 
of a set of contacts connected to the 
circuit’s EXT TRIG input, instead of a 
sound being picked up by the electret 
microphone. 

The second input connects directly 
to the lower input of the OR gate, so 
the logic low produced by the contact 
closure is again able to pass through 
the gating and trigger FF2. 

A number of other things happen 
once the circuit switches into its 
‘triggered’ state. For a start, when the 
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Fig.1: this block diagram of the Time Delay 
Photoflash Trigger breaks the circuit down 


N-CHANNE L 
FET 


> - 
2) ico 


into its various functions. Compare this 
with the circuit diagram overleaf. 


Q output of FF2 switches low, this 
causes triggered LED2 to be turned on 
via an inverter, to indicate 


that the circuit 


It’s all assembled on to a 

single PC board, with the three 
time-setting switches, pot and LEDs 
pointing upwards so they can poke through the 

front panel. We removed switch S5 to pull the unit apart for 

this photo (its two extension wires are still on the PC board) and, 
of course, switch S4 is not normally at quite such a drunken angle! 


Constructional Project 


has switched into its ‘triggered’ 
State. 

Atthe same time, the N-channel FET 
is turned on, to produce a very low 
resistance across the ‘shutter release’ 
output connector (CON2). 

So, if your camera has the facility for 
remote control of the shutter, it can be 
automatically opened. 

At the same time, because FF2’s 
Q output has switched high, LED1 
is turned off to show that the ‘ready’ 
state has ended. 

The reversal of FF2’s outputs in the 
triggered state has another important 
effect, because it means not only 
that the logic high is removed from 
the MR inputs of the three decade 
counters, so they are no longer held 
reset, but also that a logic high is now 
applied to the EN input of counter 
1, so it can begin counting the tim- 
ing pulses. 

Counting starts immediately, with 
the outputs of counter 1 going high 
in sequence for each timing pulse 
(ie, the ‘units’), and then the outputs 
of counters 2 and 3 going high in se- 
quence for each 10 pulses (‘tens’) and 
each 100 pulses (‘hundreds’). 

This counting operation continues 
until the counter 1 output selected by 
S1, the counter 2 output selected by 
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S2 and the counter 3 output selected 
by S3 are all high at the same time. 

Because the three switches are 
connected to the inputs of a NAND 
gate, it’s only when they are all high 
together that the output of this gate 
switches low. 

When this occurs, the resulting 
negative-going pulse is fed back to 
the R (reset) input of FF2, causing it 
to be immediately reset. The decade 
counters are now disabled and held 
in their reset state, so counting stops 
and the circuit is switched back to its 
‘ready’ state. 

At the same time, the negative- 
going pulse from the NAND gate is fed 
through a pulse stretcher and driver 
to turn on the SCR (silicon control- 
led rectifier). The SCR conducts, and 
triggers your electronic flash unit via 
the diode bridge and trigger output 
socket (CON3). 

To sum up, the settings of switches 
S1, S2 and S3 allow you to directly 
program the time delay between 
input triggering and output flash 
triggering. This means that if you 
set S3 for zero hundreds, S2 for two 
tens and S1 for five units, the flash 
triggering will be delayed by 25ms 
(using 1ms timing pulses) or 250ms 
(using 10ms pulses). 
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PROGRAMMABLE FLASH TRIGGER DELAY 


Fig.2: the circuit is essentially an audio preamp and shaper plus a counter which controls either a flash trigger and/or 
(if available) a camera shutter after a user-set time delay. 
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Circuit details 


The full circuit diagram is shown in 
Fig.2. The 38kHz crystal oscillator is 
based on inverter IC1a, whose output 
is buffered by IC1e to drive IC2, the 
4040 counter and IC1b, which makes 
38kHz pulses available at test point 
a 

Gates IC3b, IC3c and IC3a, together 
with triple CMOS switch IC11 (a 
4053B) are used to configure IC2 for 
division by either 380 or 38, to provide 
the option of timing pulses with a fre- 
quency of either 100Hz (38,000/380) or 
1kHz (38,000/38). The division ratio is 
determined by switch S6, which con- 
trols the state of SA/SB/SC inside IC11. 

The resulting timing pulses are 
then sent to pin 13 of IC4 (which 
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corresponds to decade counter 1 in 
Fig.1), and are also made available at 
test point TP2 via buffer IC1f. 

In the section of the circuit at upper 
left, you’ll see the electret mic input 
socket CON1, plus the mic preamp 
and squarer circuitry based around 
op amps IC9b and IC9a, the LM358. 
Op amp IC9b is an inverting amplifier 
stage with negative feedback adjusted 
via pot VR1, so that its gain can be 
varied between 11.5 and 235 times to 
set the input sensitivity. 

The preamp output is then fed di- 
rectly to IC9a, which is configured as a 
comparator to ‘square up’ the audio sig- 
nal and convert it into a train of pulses. 

The output of IC9a is then used 
to switch on transistor Q4, so that its 
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collector voltage drops quickly to near 
zero after the arrival of the audio sig- 
nal. The collector of Q4 is connected 
via the 4.7nF coupling/differentiating 
capacitor to pin 12 of gate IC7d, which 
is the inverter feeding trigger gate IC7c. 


External trigger input 


The EXT TRIG input comes in via 
CON4, which connects directly to 
the collector of Q4 via a 100Q series 
resistor (the 1nF shunt capacitor across 
CON4 is used for noise filtering, to 
prevent spurious triggering). Hence, 
the collector circuit of Q4 effectively 
forms a ‘wired OR’ gate, as either Q4 
or the external contacts can pull it 
down to ground and begin the trig- 
gering process. 
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Fig.3: component overlay for the Time Delay Photoflash Trigger, from the component side. The longest links can be made 
with tinned copper wire — we used insulated type to avoid shorts. 


Cross-coupled gates IC10a and 
IC10b form control flip-flop FF1, while 
gates IC7a and IC7b form control flip- 
flop FF2. So pins 3 and 6 of IC10 are 
FF1’s Q output, controlling trigger gate 
IC7c, while pins 4 and 2 of IC7 are the 
Q output of FF2 and pins 3 and 5 are 
its Q output. 

That’s why the ‘counter enable’ 
signal from pins 4 and 2 is taken back 
to pin 14 of IC4 (counter 1), as this is 
effectively the counter’s enable input. 
Similarly, the ‘counter reset’ signal 
from pins 3 and 5 of FF2 is taken back 
to pin 15 of IC4, IC5 and IC6 — the MR 
pin for these devices. 

The NAND gate used to combine the 
count outputs from switches S1, S2 
and S3 is formed by diodes D1 to D3 
plus IC8d (connected as an inverter) 
and the 10kQ resistor connected be- 
tween its pin 13 input and the +9V rail. 

This input of IC8d can, therefore, 
only rise to logic ‘high’ level when the 
cathodes (K) of diodes D1, D2 and D3 
are all high. This only occurs when the 
counter outputs selected by $1, S2 and 
S3 are all high at the same time. IC8d’s 
output at pin 11 then goes low. This 
pin is connected back to pin 13 of IC7d, 
which is the control flip-flop’s R input. 
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The remaining circuitry at lower right 
of Fig.2 forms the pulse stretching and 
SCR driver block. Gates IC8a, IC8b and 
IC8c, together with diode D4 and the 
1kQ resistor/10nF capacitor combina- 
tion form a one-shot monostable to 
stretch the very narrow ‘end of count’ 
pulse from IC8&d. Transistor Q1 functions 
as a buffer to apply the stretched pulse to 
the gate of SCR1, to switch it on. When 
SCR1 conducts, it triggers the electronic 
flash via diode bridge D6 to D9 and the 
flash trigger output socket CON3. 

The complete circuit runs from a 9V 
alkaline battery, with S4 as the on/off 
switch. Unless you take a LOT of photos 
(or forget to turn the power switch off!), 
battery life should be very long indeed 
— probably approaching shelf life. 


Construction 


Virtually all of the circuitry and 
components used in the flash delay 
unit are mounted on a single PC board, 
coded 791, which measures 185mm x 
102mm. This board is available from 
the EPE PCB Service. The board has 
rounded cut-outs at each corner so that 
it fits snugly inside a standard UB2- 
size plastic box, measuring 197mm x 
113mm x 63mm. 


The shafts of switches S1 to S3 
protrude through the box lid (which 
becomes the front panel) along with 
the power switch S4 and the two in- 
dicator LEDs. The battery fits inside 
the box underneath the PC board as- 
sembly, while all four input/output 
connectors are accessed via holes in 
the upper rear of the box itself. 

A small hole top left of the front panel 
allows screwdriver access to the sensi- 
tivity pot underneath. This should rarely 
need adjustment after the first setting. 

Incidentally, we specify 3.5mm 
stereo sockets only because mono PC 
board-mounting types are virtually 
impossible to obtain. We obviously 
only use them as ‘mono’ (ie, the ‘ring’ 
terminal is left unconnected). Mono 
line plugs can, of course, be used — 
these are commonly available. 

The PC board overlay diagram of 
Fig.3 shows where all of the compo- 
nents are placed. Follow this diagram 
and the internal photo carefully to build 
up the project without any problems. 

Here is the suggested order for as- 
sembling the board: 


1) Fit the four input/output connectors 
along the rear edge of the board. 
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The matching photograph (to the component overlay) also shows all component placement. We used DIL sockets for the 
ICs — they're cheap enough and make both assembly and any later troubleshooting much simpler! 


Parts List — Time Delay Photoflash Trigger 


2N7000 N-channel FET (Q5) 
C106D SCR (SCR1) 

5mm LED, green (LED1) 

5mm LED, red (LED2) 

1N4148 diodes(D1-D5) 
1N4004 power diodes (D6-D9) 


apacitors 
470uF 16V radial electrolytic 
100uF 16V radial electrolytic 
22uF 25V tag tantalum 
1uF 35V tag tantalum 
220nF MKT metallised polyester 
100nF MKT metallised polyester 
100nF multilayer monolithic 
10nF MKT metallised polyester 
4.7nNF MKT metallised polyester 
1nF MKT metallised polyester 
27pF NPO disc ceramic 


Resistors (0.25W 1% unless specified) 

1 10MQ 22.2MQ 1 330kQ 2 220kQ 
1 110k 1 100k 8 10kQ 3 4.7kQ 
2 2.2kD 2 1kQ 1 6800 2 470Q 


ok 


PC board, code 791, available from the EPE PCB 
Service, size 186mm x 102mm 

UB2-size plastic box (197mm x 113mm x 638mm) 
1-pole 12-position rotary switches (S1 to S3) 

Mini SPDT toggle switches (S4,S6) 

Mini pushbutton switch, momentary NO (S5) 
38kHz quartz 'watch' crystal (X1) 

3.5mm stereo sockets, PC board mtg (CON1,CON4) 
2.5mm concentric DC connectors (CON2,CONS3) 
14-pin DIL sockets, PC board mtg 

16-pin DIL sockets, PC board mtg 

8-pin DIL socket, PC board mtg 

1mm PC board terminal pins 

9V battery clip lead 

25mm long M3 tapped spacers 

6mm long M3 screws, countersink head 

6mm long M3 screws, pan head 

M3 hex nut 


emiconductors 
4069UB hex inverter (IC1) 
4040B binary counter (IC 2) 
4073B triple AND gate(IC3) 
4017B decade counter (IC4-IC6) 2 1002 4 22k0 
4093B quad Schmitt NAND (IC7,IC8) 1 50kQ potentiometer (VR1) 
LM358 dual op amp (IC9) 
4011B quad NAND (IC10) Parts required 
4053B triple SPDT switch (IC11) 1 miniature electret microphone insert 
BC338 (Q1,Q4) 1 3.5mm mono or stereo line plug 
PN200 (Q2,Q3) Suitable length shielded microphone cable 
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2) Then fit the various wire links. There 
are 18 of these in all, 13 of which are 
about 0.4 inches long and can easily 
be made from resistor lead offcuts. 
The remaining five are somewhat 
longer, and will need to be made from 
lengths of tinned copper wire (pulled 
straight so there is no risk of them 
touching another link or component). 


3) After the links, fit the six terminal 
pins. Four of these are mounted in 
the usual from-the-top fashion, for 
the two test points (TP1, TP2) and 
their accompanying ground pins. 

The remaining two pins are used 
for the battery clip lead termina- 
tions, just to the right of the mount- 
ing position for S4 (at lower right). 
These pins are mounted from under 
the board, so there is plenty of pin 
left under the board for soldering 
the ends of the battery clip lead 
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Fully assembled and ready to place in the UB2 box 
(drilling detail at right). The front panel has holes for 


4) Now fit the IC sockets, making sure 
that you fit each one with the orien- 
tation shown in the overlay diagram 
so they guide you later in plugging 
in the ICs correctly. 


5) After these, fit all of the fixed resistors. 
These are not polarised, but make 
sure you fit each one in its correct 
position using the overlay diagram as 
a guide. If necessary, use your mul- 
timeter/DMM to confirm the values 
before soldering them in position. 

6) Next fit trimpot VR1. The board 
has holes to allow you to use either 
standard size of horizontal trimpot, 
so whichever kind you use there 
shouldn’t be a problem. 

7) Now fit the smaller disc ceramic and 
multilayer monolithic ceramic capaci- 
tors, which are again not polarised. 


8) Follow these with the electrolytic 
caps. There are only three of these 


Resistor Colour Godes 


4-Band Code (1%) 

brown black blue brown 

red red green brown 

orange orange yellow brown 
red red yellow brown 

brown brown yellow brown 


brown black yellow brown 
brown black orange brown 
yellow violet red brown 

red red red brown 

brown black red brown 
red red brown brown 
yellow violet brown brown 
brown black brown brown 


the six switches and two LEDs, along with the six screw 
holes which hold the panel to the threaded standoffs. We 
covered these with the front panel in the final version. 


(counting the 22uF tantalum), but 
they are polarised, so watch their 
orientation. 


9) Now you can fit the diodes, which 
are again all polarised. Take care 
here also to fit the 1N4148 ‘signal’ 
diodes in positions D1 to D5, and 
the 1N4004 ‘power’ diodes in posi- 
tions D6 to D9. 


10)After the diodes, fit the five tran- 
sistors, not only watching their 
orientation, but also making sure 
that you fit the BC338 transistors 
in positions Q1 and Q4, while the 
PN200 transistors go in positions 


Q2 and Q3. 


11)Now fit the 38kHz crystal X1. This 
is very small, so handle it carefully 
to avoid damaging it. Both of its 
leads are cranked outwards slightly 
and bent down by 90° about 3mm 
from the case, so that the crystal 


9-Band Code (1%) 

brown black black green brown 
red red black yellow brown 
orange orange black orange brown 
red red black orange brown 
brown brown black orange brown 
brown black black orange brown 
brown black black red brown 
yellow violet black brown brown 
red red black brown brown 
brown black black brown brown 
red red black black brown 

yellow violet black black brown 
brown black black black brown 
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Capacitor Codes 


Value wF Code 
220nF 0.22uF 
100nF 0.1yF 


220n 
100n 


10nF O.01uF 10n 

4.7nF .0047uF 4n7 
1nF 001uF 1nd 
27 PF NA 27p 
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IEC Code EIA Code 


224 
104 
103 
472 
102 

Zi 


(ALL DIMENSIONS IN MILLIMETRES) 


HOLES A: 9.0mm DIAMETER HOLES C: 6.0mm DIAMETER HOLES E: 3mm DIAMETER CSK 
HOLES B: 7.0mm DIAMETER HOLES D: 5.0mm DIAMETER HOLE F: 12.0mm DIAMETER 
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Fig.4: drilling detail for the UB2-size box which 
houses the unit. 
l 


can lay on the top of the board with 
its leads passing down through the 
matching board holes. 

When the leads are soldered to 
their pads underneath, bend a re- 
sistor lead offcut into a ‘U’ shape 
and slip it down over the crystal 
case, with its ends passing down 
through the two additional holes. 
The ends can then be soldered to 


the copper underneath so that the 
wire ‘U’ will act as a hold-down. 


12)Next, fit the three rotary switches 


S1 to S3, after cutting each of their 
spindles to a length of 18mm and 
smoothing off any burrs with a 
small file. 

These switches fit directly into 
the board, but will only fit in with 
one orientation. This is where the 
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MICROPHONE 
INPUT 


@ 


single rotor pin is in the ‘three 
o’clock’ position. 

When you have fitted the 
switches and soldered all of their 
pins to the pads underneath, it’s a 
good idea to program each switch 
to have a range of 10 positions. To 
do this, unscrew the nut from the 
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HUNDREDS 


Fig. 5: this same-size front panel artwork can be photocopied twice; one for a 
drilling template, and one for the front panel 


threaded ferrule and then remove 
both the star lockwasher and the 
indexing stop washer. Then, after 
turning the spindle anticlock- 
wise as far as it will go, replace 
the stop washer with its cranked 
indexing pin passing down into 
the rectangular hole between the 


numbers ‘10’ and ‘11’ moulded 
into the plastic. 

After this, place the lockwasher 
over the indexing washer, and 
finally screw on the nut again to 
hold it all together. You'll find that 
once this is done, each switch will 
have only 10 positions. 


13) Now fit the SCR, which mounts flat 
against the top of the board with its 
‘metal plate’ side uppermost. The 
three leads of the device are bent 
down by 90° 6mm away from body 
and the outer leads cranked slightly 
outwards, so all three will pass easily 
down through the holes in the board. 
Then, after the leads have been sol- 
dered to the pads underneath, the 
SCR is held down to the board using 
an M3 x 6mm screw and nut. 


14)Next, fit the two LEDs, remember- 
ing that LED1 is the green LED and 
LED2 is the red LED. Both should 
be fitted with their cathode (‘flat’) 
side towards the top of the board, 
with the leads left straight and 
measuring about 18mm to 19mm 
between the bottom of the LED 
body and the top of the board. 


15)The final wiring steps are to solder 
the ends of the battery clip lead 
wires to the terminal pins under 
the board (making sure you connect 
the red positive lead to the upper 
‘+’ pin), and then fit power switch 
S4 just to the left of these pins. 


Note that this switch does not 
mount directly on the board, but 
via three short lengths of hookup 
or tinned copper wire so that the 
switch itself can be mounted on 
the box lid/front panel. For the 
moment though, just solder the 
three wires to the lugs on the rear 
of the switch, and solder the ends 
of the wires to the pads under the 
board. The wires should each be 
about 12mm long. 


16) Your board assembly should now be 
complete, apart from plugging the 
various ICs into their sockets. So do 
this now, making sure that you plug 
each one into its correct position 
and with the correct orientation. 


Checkout time 


Your flash delay unit board should 
now be ready for a quick functional 
checkout. To do this, first connect 
switches S4, S5 and S6 to the board 
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using short lengths (say 25mm) of 
hookup wire. Then set clock switch 
S6 to the 10ms position, set the three 
rotary switches S3-S2-S1 to a setting 
of say ‘500’ and connect the clip lead 
to a suitable 9V alkaline battery . Now 
turn on power switch S4. You should 
find that the red ‘triggered’ LED glows 
briefly but then goes dark and the green 
‘ready’ LED1 begins glowing. 

If you have access to an oscillo- 
scope or a frequency counter, you can 
check that the board’s clock oscillator 
is working correctly by checking the 
signal at test point TP1. You should 
find a 38kHz square wave of around 
9V peak-to-peak. 

You can also check the timing pulses 
at TP2, which should have a frequency 
of 100Hz if you have switched S6 to 
the ‘10ms delay steps’ option. If you 
switch S6 to the ‘1ms steps’ option 
the frequency should change to 1kHz. 

If all seems well so far, try plug- 
ging a 3.5mm jack plug into CON4 
and then shorting its ‘tip’ and ‘sleeve’ 
connection lugs together with a short 
length of wire. You should find that 
nothing happens when you first do 
this, because the control circuit has 
not been ‘armed’. 

If you now press pushbutton switch 
S5 briefly and try again, this time 
LED1 should turn off and LED2 turn 
on, indicating that the circuit has been 
triggered. And it should remain in this 
state for five seconds, if you have set 
switches S3 to S1 for ‘500’ and S6 for 
10ms (500 x 10ms = 5000ms or 5s). At 
the end of this time, it should switch 
itself back to the ‘ready’ state, with 
LED2 dark and LED1 glowing again. 

Assuming this is what you find, your 
delay unit is almost certainly working 
correctly. So switch off the power, be- 
cause you should now be ready for the 
final assembly step: fitting the board 
assembly into the box. 


Final assembly 


Before you can fit the unit into its 
box, you may need to drill the vari- 
ous holes in the box first — unless you 
are building it from a kit with a pre- 
punched box and lid. 

There are not many holes to drill as 
you can see from the drilling diagram 
(Fig.4), so preparing the box and its 
lid won’t take very long. 

If you are building the unit up ‘from 
scratch’ rather than from a kit, you 
may also want to fit the lid with a 


Constructional Project 


Making a custom microphone 


If you want to make use of the delay 
unit’s sound triggering option, you'll 
need to make up a custom micro- 
phone lead. This is very straightfor- 
ward, as you can see from the diagram 
below. The only components involved 
are a 3.5mm mono or stereo plug, a 
suitable length of screened single- 
core microphone cable and a small 
electret microphone insert. 

At the microphone insert end of the 
cable, just make sure that the screen- 
ing braid connects to the ‘earthy’ pin 
or pad of the insert -— ie, the one which 
is clearly connected to the metal case 
of the insert. The cable’s inner wire 
connects to the other pin or pad. 


ELECTRET 
MICROPHONE 
INSERT 


SCREEN BRAID 
CONNECTS TO 
INSERT CASE 


copy of the front panel artwork. This 
can be photocopied onto an A4-size 
adhesive label, and then cut to size 
before peeling off the backing and 
sticking it to the lid. To protect it 
from dirt and ‘finger grease’ you can 
then cover it with some clear adhesive 
film or, as we often do, laminate it 
(A4 laminators and sleeves are now 
ridiculously cheap!). 

The board assembly mounts on the 
underside of the box lid via six M3 
x 25mm tapped spacers, using coun- 
tersink-head M3 screws to attach the 
spacers to the lid and pan-head screws 
to attach the board to the spacers. 

Just before you screw everything 
together though, you need to mount 
switches S4, S5 and S6 in their respec- 
tive positions on the lid/front panel, 
and also fit the lugs of each switch 
with a 25mm length of tinned copper 
wire. These will pass down through 
the matching holes in the board when 
it’s brought up to the spacers, and are 
soldered to the pads underneath. 

Note that pushbutton switch S5 (the 
‘arm’ switch) mounts through the front 
panel from above, secured by a nut 
underneath the panel, while S4 and S6 
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SUITABLE LENGTH 
OF SCREENED 
MIC CABLE 


Atthe other end, the centre wire con- 
nects to the plug’s ‘tip’ connection lug, 
while the screening braid connects to 
the ‘sleeve’ lug (the one which con- 
nects to the body of the plug). 

Needless to say, making up acable 
for the delay unit’s ‘contact closure’ 
input is even simpler. Here all you 
need isa3.5mm mono or stereo plug 
plus a suitable length of screened ca- 
ble, connected to the plug in exactly 
the same way as with the microphone. 
At the other end, the inner wire and 
screening braid are simply connected 
to the two contacts (normally open) of 
the sensor unit you’re using to provide 
your ‘triggering event’. 


ACTIVE WIRE CONNECTS TO 


‘TIP! LUG 3.5mm MONO OR 


STEREO PLUG 


(NO 
CONNECTION 
IF STEREO PLUG) 


SCREEN BRAID 
CONNECTS TO 
'SLEEVE' LUG 


mount through the panel from below 
and are secured with nuts from above. 

When you are attaching the board 
to the lid/front panel via the spacers, 
take care to ensure that the tops of 
the two LEDs protrude through their 
matching holes, as do the rotary switch 
and pot spindles through their own 
holes. Needless to say, you also have 
to ensure that the wires from the lid- 
mounted switches pass down through 
their own holes in the board. This is a 
bit fiddly, but not too difficult if you 
take it slowly. 

All four of the input/output con- 
nectors CON1 to CON4 are accessed 
through holes in the rear side of the 
box itself, with identification labels 
along the top of the front panel. 

As noted before, the unit’s battery 
simply sits in the bottom of the box, 
held in place by either a small bracket 
fashioned from sheet aluminium or 
even secured with a length of ‘gaffer’ 
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New electronics hold a special fascination for our columnist Mark Nelson. Not all of 
them make it onto our work benches, but that’s no reason for passing them by. 


Solder solution 


NEW solution to soldering? No 
A« solder paste, but a new way of 

soldering that avoids the kind of 
thermal runaway that can ruin sensitive 
semiconductors. Although applications in 
our kind of electronics will be restricted, 
the product and the principle are mighty 
interesting nevertheless. 

The product is called NanoFoil and 
is made by New York-based Reactive 
NanoTechnologies (RNT). According to the 
maker, it can join any metal to any ceramic, 
or difficult metal-to-metal combinations 
including aluminium to titanium. NanoFoil 
is a thin metal foil that reacts quickly and 
exothermically when triggered by a laser, 
heat or electrical current pulse. When 
activated by a small pulse of local energy 
from an electrical, optical or thermal 
source, the NanoFoil melts the solder at 
up to 1,500°C in fractions of a second 
without transferring significant heat to the 
underlying materials. 

Users can vary the composition of the foil 
and the thickness of layers to control the 
speed, temperature and total energy of the 
soldering process. If you are feeling flush, you 
can buy a NanoFoil sample kit to try out the 
technology first hand for just over £100. See: 
http://buy.solder.com/NanoFoil/C1019_1/ 
or read more about NanoFoil at: www.rntfoil. 
com/applications/. 


Power of light 


Talking of lasers, a model helicopter has 
now been made to hover for six hours using 
only the power of a laser beam. What’s 
more, Ted Nugent of LaserMotive, who 
achieved this feat, believes his 22-gram 
craft could have hovered for longer had 
he used a better quality motor to drive the 
rotor blades. It was shown at the Unmanned 
Systems North America Conference, held in 
Denver, Colorado last year. 

The system uses laser power beaming — 
the wireless transfer of energy over distances 
using laser light — to provide a virtually 
endless supply of power to the helicopter. It 
is safe for the eye, and based on technology 
that LaserMotive developed for its winning 
entry in the 2009 Power Beaming Challenge 
for a purse prize of nearly $1million. An array 
of lasers focussed a beam 7cm (3 inches) in 
diameter across that illuminated photovoltaic 
cells on the lower side of the helicopter. These 
provided a few watts of electrical power, 
sufficient to keep the rotors spinning. 

According to LaserMotive, this demon- 
stration is part of a series of strategic steps 
the company is taking as part of its long-term 
blueprint to develop a full-scale laser power 
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system for unmanned aerial vehicles. The 
next step is to demonstrate power beaming to 
a larger, free-flying unmanned aerial vehicle. 
Said Nugent, ‘Not only does this provide a 
way for UAVs to be powered in flight without 
the need for fuel, but potentially it can extend 
their abilities and enable new missions. 

UAVs are currently one of the largest 
growth sectors in the aerospace and defence 
industries. According to industry analysts, 
the market for UAVs is expected to grow 
worldwide from $4.9 billion to $11.5 billion 
annually in the next 10 years. What he 
didn’t say is that radio-controlled model 
aircraft enthusiasts will also be watching 
this development with great interest. 


Leaves as LEDs 


In the world of nature there are several 
sources of cold light. In the animal world we 
think of fireflies, glow worms, angler fish and 
plankton, all of which exhibit bioluminescence, 
in which a chemical reaction releases energy 
in the form of light emission. 

These creatures produce two chemicals: 
luciferin (a colouring or pigment) and an 
enzyme called luciferase. The two substances 
react together with oxygen to produce light. 
There are also a number of species of fungus 
that decay rotting wood (honey fungus, ghost 
fungus and the Jack o’ Lantern mushroom) 
that create a pale green light known as foxfire 
(a kind of photosynthesis in reverse). A search 
for ‘luminous plants’ in Google images will 
produce some eerily beautiful photos. 

Recently, several news agencies reported 
how trees with naturally glowing leaves might 
one day offer an eco-friendly alternative to 
street lamps. Researchers from the National 
Cheng Kung University in Taiwan have 
implanted nanoparticles, known as bio light- 
emitting diodes, inside the leaves of a plant. 

‘In the future, bio-LEDs could be used to 
make roadside trees luminescent at night. 
This will save energy and absorb CO, as 
the bio-LED luminescence will cause the 
chloroplast to conduct photosynthesis,’ 
stated the university’s Dr Yen-Hsun Su in an 
interview with Chemistry World magazine. 

He explained that the nanoparticles are the 
key to turning a material that normal absorbs 
light into one that emits it. This material is 
chlorophyll, the pigment that gives leaves 
their characteristic green colour and creates 
photosynthesis by absorbing light. However, 
under certain circumstances, chlorophyll 
can also produce a light of its own. When 
exposed to light with wavelengths of about 
400 nanometres the normally green coloured 
chlorophyll glows red. 

Because violet light is hard to come 
by, especially at night, when glowing 


leaves would be useful to drivers and 
pedestrians, the scientists provided a 
source of violet light in the form of gold 
nanoparticles. When shorter wavelengths 
of light, invisible to the human eye, hit 
the nanoparticles, they start to glow 
violet. This violet light strikes the nearby 
chlorophyll molecules and excites them to 
produce the red light. 


And finally... 


It used to be chips with everything, but 
now it’s apps with (or for) everything. 
Leafing through a recent Maplin Electronics 
flyer, I spotted a combined alarm clock 
and mood light. For under a tenner (just), 
you get not only a digital clock and room 
temperature thermometer, but also seven 
colours of mood light (whatever that is) 
and six relaxing natural sounds, including a 
babbling brook or ocean waves. Personally, 
I need strident noises to wake me up, not 
soothing sounds. 

Far more useful, though, would be an 
alarm clock that gave you travel alerts 
(‘significant delays on the North Circular 
Road at Neasden’) or any other data feed 
that interested you personally. This may not 
be far off, according to Shoreditch design 
consultancy BERG. 

The firm works with manufacturers to 
research and develop their technologies 
and crucially their strategy, by finding 
opportunities in networks and physical 
things. BERG’s ‘apps in real life project’ 
aims to use Twitter feeds and other data 
to make any nearby screen, from an alarm 
clock or domestic TV to a railway station 
indicator board, into a_ personalised 
display. 

On their website they are showcasing 
a number of ‘why not?’ gadgets, such as 
Olinda, a digital radio that has your social 
network built in, showing you which 
stations your friends are listening to. It’s 
customisable with modular hardware, and 
this prototype aims to provoke discussion 
on the future design of radios for the 
home. For Nokia, they developed design 
concepts including a personalised mobile 
phone of metal that changes form while 
you wait. 

Daft? Not according to managing 
director Matt Webb, who says these 
personalised products might happen 
sooner than we think, as all the technology 
needed for them exists already. ‘This 
isn’t the crazy far-out future,’ he told the 
London Evening Standard. ‘Displays are 
everywhere, and everything is networked 
already. The technology is there, it’s just 
about how we use it.’ 
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TEMPMASTER Mk.2 


Want to convert an old chest-type freezer into an energy- 
efficient fridge? Or convert a spare standard fridge into an 
excellent wine cooler? These are just two of the jobs this low- 
cost and easy-to-build electronic thermostat has been designed 
to do. It can also be used to control 12V fridges or freezers, 
as well as heaters in hatcheries and fish tanks. It controls the 
fridge/freezer or heater directly via its power cable, so there’s 
no need to modify internal wiring. 
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Constructional Project 


The switched IEC connector is snap-fitted to an aluminium plate and this 
assembly is then secured to one end of the case using NYLON screws and nuts. 


The other end of the case carries 


access holes for the sensor jack plug, 


trimpot adjustment and DC power supply. 


ACK in the July 2008 issue of EPE, 

we described an electronic thermo- 
stat intended mainly for converting an 
old fridge into a wine cooler or a chest- 
type freezer into an energy-efficient 
fridge. Dubbed the Coolmaster, it 
turned out to bea very popular project, 
especially with people wanting to re- 
duce their power bill and reduce their 
‘carbon footprint’. 

Converting a chest freezer into a 
‘chest fridge’ results in much lower 
energy consumption than a normal 
‘vertical’ fridge of the same internal 
capacity, because cold air doesn’t fall 
out every time you open the door, 
and chest freezers tend to be better 
insulated. 


The project became even more 
popular when the people in Jaycar’s kit 
department came out with a slightly 
modified version which could be used 
to control heating elements as well as 
fridges and freezers. This modified 
version was called the “Tempmaster’, 
to describe its expanded capabilities. 


Problems 


Unfortunately, some constructors 
did experience problems with the 
project. In most cases, this seems to 
have been due to spurious triggering 
of the control triac due to inductive 
spikes fed back from the motor in the 
compressor of the fridge/freezer, caus- 
ing noisy and/or hesitant switch-on or 
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switch-off. This problem was solved 
in most cases by fitting a mains filter 
circuit between the Tempmaster and 
the motor, but it did point to one short- 
coming in the project’s use of a triac 
for power control of motors. 

Of course, a triac can only be used 
for controlling AC in any case, and 
this meant that the first Tempmaster 
could not be used to control fridges, 
freezers or heaters which run from 12V 
DC — shortcoming number two. 
Criticism 

We also received criticism from en- 
ergy conservationist Dr Tom Chalko, 
who complained that the Coolmaster/ 
Tempmaster was mediocre in terms of 
energy efficiency. This was because of its 
own quiescent energy consumption and 
it would pose problems for those using 
electronic inverters to produce 230V AC 
from a solar or wind generating system, 
by preventing the inverters from ever 
being able to switch into ‘sleep’ mode. 

Dr Chalko claimed that our Temp- 
master had a continuous quiescent en- 
ergy consumption of 60 watt-hours per 
day, equating to a power consumption 
of 2.5W. I’m not sure how he arrived 
at this figure, because my calculations 
gave a figure of only 0.25W or 6Wh/day 
with a 90% efficient plugpack supply, 
or perhaps 10Wh/day with a plugpack 
which was only 50% efficient. 

Added to the other shortcomings 
of the original Coolmaster/Tempmas- 
ter, though, Dr Chalko’s criticism did 
prompt us to produce a new and im- 
proved Mk.2 version of the project. So 
that’s the story behind the new version 
described here. 


New design 


There are two main differences be- 
tween this new Tempmaster and the 
original. First, it now uses a 230V AC- 
rated relay to switch the load power 
instead ofa triac. This has three main 
advantages: no problems with noise 
triggering, the ability to switch DC just 
as easily as AC and lower quiescent 
energy consumption because there is 
now no snubber circuit or bias filter 
circuitry associated with the triac. 

The second main difference is that 
we have used a more efficient voltage 
regulator circuit, an LM723, to power 
the thermostat’s control circuitry. This 
has lowered the quiescent power con- 
sumption to below 48mW (0.048W) 
— equating to just 1.15Wh/day. 
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Fig.1: the circuit is based on remote temperature sensor TS1. Its output is 
fed to the inverting input of comparator IC1a, where it is compared with a 
preset reference voltage (Vprf) derived from a regulated +5V rail. 
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Fig.2: the graph plots the output voltage of the LM335Z as a function of 
temperature. It rises linearly by 10mV for every 1°C increase. 


How it works 


There’s very little in the thermostat 
circuit and its operation is straight- 
forward. The basic details are shown 
in Fig.1. 

The heart of the circuit is the re- 
mote temperature sensor TS1, which 
is an LM335Z device, specifically 
designed for temperature sensing. 
The LM335Z acts like a special kind 
of Zener diode, in which its voltage 
drop is not fixed but varies linearly 
and quite accurately with its tem- 
perature. In fact, its voltage drop 
is directly proportional to absolute 
temperature, having a value of OV at 
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0 kelvin (—273°C) and rising linearly 
by 10mV for every kelvin (or °C) rise 
in temperature. 

This is shown in the graph of Fig.2. 
At a temperature of 2°C (275K), the 
voltage drop of the LM335Z is very 
close to 2.75V. Similarly, at 19°C 
(292K), itrises to 2.92V. It’s this change 
in voltage that we use to control the 
temperature of our fridge/freezer or 
heater, by comparing the sensor’s volt- 
age with a preset reference voltage. 

The actual comparison is made by 
IC1a, one section of an LM393 dual 
comparator (the other section is not 
used). Sensor TS1 connects to the 


inverting input (pin 2) of IC1a, which 
compares it with a reference voltage at 
its non-inverting input (pin 3). 

Now remember that the lower the 
temperature being measured by sen- 
sor TS1, the lower will be its output 
voltage. So, when the sensor voltage 
is below the reference voltage, the 
output of the comparator will be high 
and this means that nothing will be 
switched on by it. 


Tempmaster circuit 


The full circuit diagram for the 
Tempmaster Mk.2 is shown in Fig.3. 
When the voltage from the sensor 
(TS1) rises, corresponding to an in- 
crease in measured temperature, at 
some point it will go above the refer- 
ence voltage at pin 3 of IC1a. This will 
cause the output of the comparator 
to go low and it will then switch on 
transistor Q1 and the relay, which we 
will come to later on. 

Fig.3 also shows the sensor con- 
nection details and the means of 
deriving the reference voltage from 
the +5V supply. As can be seen, sen- 
sor TS1 is connected to the +5V rail 
via a 5.6kQ resistor, which is used 
to provide the sensor with a small 
bias current. 

The reference voltage at pin 3 is 
derived from the +5V rail via a voltage 
divider formed by the 2.7kQ resistor 
and the 3.3kQ resistor in series with 
VR1, a 500Q multiturn trimpot. 

As a result, when VR1 is adjusted 
over its range, this varies the reference 
voltage between 2.75V and 2.92V. 
These happen to be the LM335Z sensor 
voltages at 2°C and 19°C respectively. 
VR1 therefore becomes the thermo- 
stat’s ‘set temperature’ control. 

OK, the foregoing description of 
IC1a applies to when the Tempmaster 
is in cooling mode. Now have another 
look at the complete circuit of Fig.3. 
This shows IC1a connected so that it 
can provide either heating or cooling 
control. Sensor TS1 plugs into socket 
CON2, which in turn connects to test 
point TP2 and one end of links LK1 and 
LK2. The reference voltage is fed to test 
point TP1 as well as the two other pins 
of LK1 and LK2. 

The two inputs of IC1a are connect- 
ed to the centre pins of LK1 and LK2. 
This allows us to set the Tempmaster 
for either cooling (C) or heating (H) 
control, by moving the jumpers on LK1 
and LK2 from one end to the other. 
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Fig.3: the complete circuit of the Tempmaster Mk.2. Links LK1 and LK2 allow comparator [C1a to be connected so that 
it can provide either heating or cooling control. IC1a drives transistor Q1, which in turn controls relay RLY1 to switch 


power through to the GPO. 


For example, when LK1 connects 
IC1a’s pin 3 to the reference voltage 
(TP1) and LK2 connects pin 2 to TP2 
and temperature sensor TS1, this 
configures the Tempmaster for cool- 
ing control (ie, control of a fridge or 
freezer). Conversely, when LK1 con- 
nects pin 3 to TP2 and TS1, and LK2 
connects pin 2 to TP1 and the reference 
voltage, this configures the Tempmas- 
ter for heating control. 


Cooling control 


Now consider that LK1 and LK2 are 
set for cooling mode, as shown by the 
two red links on the circuit diagram 
(Fig.3). This means that whenever the 
temperature of TS1 inside the fridge 
or freezer remains lower than the set 


temperature level, the voltage drop 
across TS1 (applied to input pin 2 of 
IC1a) will be lower than the reference 
voltage applied to pin 3 via LK1 and 
the 1.2kQ resistor. 

As a result, the open-collector out- 
put at pin 1 will not draw any current 
from the +12V rail and transistor Q1 
will not be able to conduct to turn 
on LED1 or relay RLY1. So no output 
power will be delivered to the general 
purpose output socket (GPO). 

However, if the temperature inside 
the fridge/freezer rises to just above 
the reference voltage (set temperature) 
level, the voltage drop across TS1 (fed 
to pin 2 of IC1) will rise just above the 
reference voltage on pin 3. The com- 
parator output will switch low to pull 
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current through the 4.7kQ resistor and 
hence turn on Q1. This will operate 
LED1 and energise the relay coil. This 
will provide power to the compressor 
in the fridge/freezer, causing it to cool 
things down again. 

Of course, when the fridge/freezer 
temperature drops below the set level 
again, the voltage from TS1 will drop 
below the voltage on pin 3 of the com- 
parator and the comparator will switch 
back off again, turning off Q1, the LED 
and the relay once again. It runs the 
compressor only long enough to bring 
the temperature just below the set level. 


Heating control 


If links LK1 and LK2 are swapped to 
their ‘H’ ends, this reverses the way the 
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Fig.4: install the parts on the PC board and complete the wiring as shown here. Note that all connections to the GPO 
(general purpose output), the IEC connector and the relay contacts (1) must be run using mains-rated cable. Be sure to 
secure this wiring using cable ties, as shown in the photos. 


comparator controls the power fed to 
the Tempmaster’s GPO in response to 
changes in TS1’s voltage. Since TS1’s 
voltage is now fed to pin 3 of IC1la 
and the reference voltage to pin 2, the 
comparator’s output will remain high 
and not draw any current whenever 
TS1’s voltage is higher than the refer- 
ence voltage. 

As a result, Q1 and the relay will 
remain off and no power will be fed 
to the GPO or any heating element 
connected to it. 

However, if the temperature inside 
the hothouse or fish tank falls just 
below the set temperature, TS1’s 
voltage will drop below the reference 
voltage. The comparator’s output will 
thus switch low, drawing current and 
turning on Q1 and LED1, and energis- 
ing relay RLY1. 

As aresult, power will be switched 
through to the heating element to 
warm things up again. Then when 
the temperature rises above the set 
level again, TS1’s voltage will rise 
above the reference voltage and the 
comparator’s output will switch high 
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again. This will turn off Q1, LED1 
and the relay, removing power from 
the heater. 


Positive feedback 


Regardless of whether the circuit is 
working in cooling or heating modes, 
we need to prevent the comparator 
from oscillating back and forth (or 
hunting) by applying a small amount 
of positive feedback. This is arranged 
by the 10MQ resistor between pins 1 
and 3 of IC1a and the 1.2kQ resistor 
connecting pin 3 to LK1. This lowers 
the voltage at pin 3 slightly when the 
comparator is switched ‘on’ (pin 1 low 
and Q1 energising RLY1) and raises it 
slightly when the comparator is ‘off’. 

In cooling mode, this means that the 
input voltage from TS1 at pin 2 must 
drop down to a level at pin 3 that is 
slightly lower than the reference volt- 
age, before the comparator will turn 
off again. Conversely, it must rise to a 
level slightly higher than the reference 
voltage before the comparator will turn 
on. In other words, we give the com- 
parator a small amount of hysteresis. 


Low power drain 


All the low-voltage part of the cir- 
cuit operates from a nominal 12V DC 
supply, which is derived from an exter- 
nal DC plugpack or battery via CON1 
and protection diode D1. The 470uF 
capacitor provides a reservoir for the 
additional current needed when the 
relay is energised The 10Q resistor and 
Zener diode ZD1 provide protection 
against over-voltage damage. 

The regulated +5V supply needed 
for TS1 and the reference voltage 
divider is derived from the nominal 
+12V rail via REG1, an LM723C regu- 
lator. We have used the LM723C here 
because it has a very low quiescent 
current. As aresult, the maximum total 
quiescent current drawn from the 12V 
supply (via CON1) is less than 3.8mA. 
This is when the relay is not energised, 
of course. When the relay is energised, 
the current rises to about 79mA. 

So, in a typical freezer-to-fridge 
conversion application, where the 
relay will be off for most of the time, 
the Tempmaster’s average power con- 
sumption will be only around 50mW 


Everyday Practical Electronics, February 2011 


Constructional Project 


and its energy consumption around 
1.2 watt-hours per day. 


Construction 


Most of the components used in 
the Tempmaster circuit are mounted 
on a PC board, coded 792, measuring 
151mm x 109mm. This board is avail- 
able from the EPE PCB Service. The 
board has rounded cut-outs at one end 
so it mounts inside a sealed polycar- 
bonate enclosure measuring 171mm x 
121mm x 55mm, sitting on the tapped 
pillars moulded into the bottom of the 
specified enclosure. 

Power relay RLY1 is mounted on 
the board at lower centre, as shown 
in the internal photos. The connec- 
tors for the 12V DC input and remote 
temperature sensor TS1 are mounted 
on the right-hand end of the board, ac- 
cessed via matching holes at that end 
of the enclosure. The ‘set temperature’ 
trimpot VR1 is mounted centrally at 
the same end of the board and is ac- 
cessed via a small hole in one end of 
the enclosure. 

The only components not mounted 
on the PC board in the Tempmaster 
itself are the fused and switched IEC 
mains input connector and the 3-pin 
mains outlet socket or GPO. The lat- 
ter is mounted in a cut-out at upper 
left on the enclosure’s lid, while the 
former mounts on the left-hand end of 
the enclosure. 

Since the IEC connector is a snap- 
in type that’s suitable for panels with 
a maximum wall thickness of 1mm 
(much thinner than the enclosure 
walls), it’s first fitted to a small metal 


plate of 1mm-thick sheet steel or 
aluminium. The resulting assembly Inside the completed Tempmaster Mk.2 — note how the mains wiring is firmly 
secured using cable ties, so that it’s impossible for the leads to come adrift and 


is then fastened inside the enclosure nd 
contact low-voltage wiring. 


behind the connector’s cut-out, using 


ablemiEERESIStOMGOlOUTEGOUES 


4-Band Code (1%) 9-Band Code (1%) 

brown black blue brown brown black black green brown 
red red orange brown red red black red brown 

brown brown orange brown brown brown black red brown 
blue grey red brown blue grey black brown brown 
green blue red brown green blue black brown brown 
yellow violet red brown yellow violet black brown brown 
orange orange red brown orange orange black brown brown 
red violet red brown red violet black brown brown 
brown red red brown brown red black brown brown 
brown black black brown brown black black gold brown 
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Rahtsalisttorem|pinastelmviike2 


1 PC board, code 792, available 
from the EPE PCB Service, 
size, 151mm x 109mm 

1 IP65 ABS sealed polycarbonate 
enclosure with clear lid, size 
171mm x 121mm x 55mm 
(Jaycar HB-6248 or equivalent) 

1 2.5mm DC input socket, PC 
board mounting (CON1) 

1 3.5mm jack socket, PC board 
mounting (CON2) 

1 2-way terminal block, PC board 
mounting (CONS) 

1 3.5mm stereo jack plug 

1 10A flush mounting mains outlet 
socket with side wire entry 

1 snap-fit fused male IEC 
connector with switch 

1 chassis-mount 12V coil SPDT 
relay with 20A contacts 
(Jaycar SY-4042) 

1 10A M205 slow-blow fuse 

3 PC board pins, 1mm diameter 

1 14-pin machined IC socket 

1 8-pin machined IC socket 

1 300mm length of 10A brown 
mains wire 

1 100mm length of 10A blue 
mains wire 

1 100mm length of 10A green/ 
yellow mains wire 

2 50mm lengths of medium duty 
insulated hookup wire 

6 plastic cable ties 

1 72mm x 38mm x 1mm sheet 
steel or aluminium (for IEC 
connector mounting plate) 

2 3-pin SIL headers 

2 jumper shunts 

125mm x 50mm x 3mm 
aluminium sheet 

130mm x 10mm x 1mm 
aluminium sheet 

2 6.4mm fully-insulated spade 
connectors for 1mm? wire 

7 4.8mm fully-insulated spade 
connectors for 1mm? wire 


four M3 x 10mm nylon screws and 
eight M3 nylon hex nuts (two on each 
screw, for safety). 

This arrangement gives maximum 
safety combined with neatness, as the 
front surface of the IEC connector is 
virtually flush with the outside of the 
enclosure wall. 

Wiring up the board and in fact 
the thermostat as a whole should be 
very easy if you carefully follow the 
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1 2m length of 2-conductor 
ribbon cable 

2 25mm lengths of 2.5mm 
heatshrink sleeving 

1 150mm length of 6mm 
heatshrink sleeving 

4 M3 x 10mm nylon screws, pan 
head 

8 M3 nylon hex nuts 

2 M3 x 10mm machine screws, 
countersunk head 

2 M3 hex nuts and star 
lockwashers 

4 M3 x 6mm machine screws 

2 M4 x 10mm machine screws 

2 M4 hex nuts 

2 M4 flat washers 

2 M4 lockwashers 

1 30mm-length tinned copper wire 
(for link) 


Semiconductors 

1 LM335Z temperature sensor (TS1) 
1 LM393 dual op amp (IC1) 

1 LM723C regulator (REG1) 

1 BC327 or BC328 transistor (Q1) 

1 16V 1W Zener diode (ZD1) 

1 5mm red LED (LED1) 

2 1N4004 1A diodes (D1,D2) 


Capacitors 

1 470uF 25V radial electrolytic 
1 10uF 16V radial electrolytic 
1 1nF disc ceramic 

1 100pF disc ceramic 


Resistors (0.25W, 1%) 

1 10MQ 2 4.7kKQ 

1 22kQ 2 3.3kQ 

111kQ eZee k@ 

1 6.8kQ 1 1.2kQ 

1 5.6kQ 2 100 

1 500 multiturn cermet trimpot, 

horizontal adjust (VR1) 


Reproduced by arrangement 
with SILICON CHIP 
magazine 2011. 
www.siliconchip.com.au 


internal photos and the wiring/overlay 
diagram. 


Board assembly 


Begin wiring up the PC board by 
fitting the three terminal pins (used 
to provide test points). These go at 
centre right on the board. Follow these 
with DC input connector CON1, the 
temperature sensor socket CON2 and 
the two-way terminal block CON3. 


If you are using sockets for IC1 and 
REG1 these can now be fitted as well. 
You can also fit the two 3-way SIL 
headers for LK1 and LK2, which are 
located just to the left of CON2. It’s 
also a good idea to now fit the wire 
link, which goes just to the left of the 
LK1 header. 

Next, fit the various resistors, mak- 
ing sure you fit each one in its correct 
position. Table 1 shows the resistor 
colour codes, but it’s a good idea to 
check each one with a DMM just 
before it’s fitted to the board. Once 
they are in, fit trimpot VR1 — this 
goes at centre right, between CON1 
and CON2. 

The two non-polarised ceramic ca- 
pacitors can be fitted next, followed by 
the two electrolytics. Take special care 
with the latter as they are polarised. 
Make sure you follow the diagram 
carefully for their orientation or you’ I] 
strike trouble later. 

Take the same care with the semi- 
conductors. These can be fitted now, 
starting with diodes D1 and D2 and 
Zener diode ZD1. Follow these with 
transistor Q1 and LED1. The latter 
should be mounted vertically, with 
the bottom of its body about 12mm 
above the board. Make sure the LED 
is orientated with its flat (cathode) 
side as shown, then fit IC1 and REG1, 
soldering these into place if you’re not 
using IC sockets. 

You can now bolt relay RLY1 to the 
board at lower centre. It’s attached 
to the board using two M4 x 10mm 
machine screws, flat washers, lock- 
washers and hex nuts. Make sure that 
you mount the relay with its coil con- 
nection spade connectors to the right 
and its contact connectors to the left, 
as shown in the wiring diagram and 
photos. Also make sure that you fit 
the relay mounting screws with their 
heads under the board, and their nuts 
and washers above the relay mount- 
ing flanges. 


Preparing the enclosure 


Your board assembly should now be 
complete and you can place it aside 
while you drill and cut the various 
holes needed in the enclosure and its 
lid. Use the enclosure cutting diagram 
shown in Fig.5 as a guide to the size 
and location of all holes. 

Fig.5 also shows the details for 
the metal mounting plate for the IEC 
connector. 
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Fully completed prototype. Be sure to build it in 
the specified plastic case to ensure safety 


Once the enclosure has been pre- 
pared, slip the PC board assembly 
down into it and screw it into place 
using the four M3 x 6mm machine 
screws, which mate with the metal 
nuts moulded into the standoffs in the 
bottom of the enclosure. That done, 
clip the IEC mains connector into 
its metal mounting plate and fit this 
assembly into the matching cut-out 
in the left-hand end of the enclosure, 
from the inside. 

You'll find that the flange of the IEC 
connector slips snugly inside the cut- 
out and the mounting plate is flush 
against the inside of the enclosure 
wall. You can then fasten the assembly 
in place using four M3 x 10mm nylon 
screws and nuts. It’s a good idea to 
then install an additional nylon nut 
on each mounting screw. These will 
firmly lock the first nuts into position 
and ensure that the assembly cannot 
come loose. 

Next, mount the mains outlet socket 
in its matching lid cut-out. This is done 
by undoing the screw in the centre of 
the socket to separate the front and 


rear sections, then screwing them 
back together with the lid sandwiched 
between the two sections. 


Fitting the mains leads 


After the outlet socket is fitted you 
can then prepare the various mains 
connection wires which link it to the 
IEC mains connector and the contacts of 
relay RLY1 — see Fig.4. Note that these 
leads must all be rated at 250V AC. 

The blue (Neutral) and green/yellow 
(Earth) leads from the outlet socket 
each have a 4.8mm insulated spade 
connector crimped firmly to their far 
ends. By contrast, the brown (Live) 
wire from the GPO is fitted with a 
6.4mm insulated spade connector to 
connect to one of the relay contact ter- 
minals. The brown (live) lead between 
the IEC connector and the relay is fitted 
with a 4.8mm insulated spade connec- 
tor at one end and a 6.4mm connector 
at the other. 

Finally, the lead that’s used to link 
two terminals on the IEC connector 
has 4.8mm insulated spade connectors 
at both ends. 
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1) Be sure to use the specified ABS plastic 
case and note that nylon screws must 
be used to secure the IEC connector 
plate to ensure safety. 


2) Use mains-rated cable for all connec- 
tions to the IEC socket, the GPO and 
the relay contacts. Secure this wiring 
using cable ties — see photos. 


3) Use fully-insulated spade connectors to 
terminate the leads to the IEC connec- 
tor and to the relay contacts. A ratchet- 
driven crimping tool is necessary to fit 
the spade connectors. 


4) Do not touch any part of the 230V AC 
wiring while this device is plugged into 
the mains. Do NOT attempt to build 
this device unless you know what you 
are doing and are familiar with high- 
voltage wiring. 


Fig.4 shows what type of spade 
connector to fit to each wire. These 
spade connectors must all be fully 
insulated. If you are unable to obtain 
fully insulated 4.8mm connectors, 
then use non-insulated connectors, 
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Fig.5: this diagram shows the cutout and drilling details for the GPO socket in the case lid, the access holes for the DC 
socket, the temperature sensor socket and the trimpot (right-hand end), the IEC connector (left-hand end) and the metal 
mounting plate for the IEC connector. A large cutout can be made by drilling a series of small holes around the inside 
perimeter, then knocking out the centre piece and carefully filing the job to a smooth finish. 

The mains output socket (GPO) cutout will, of course, depend on the type used. 
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Non-insulated 
4.8mm spade connectors 
can be used, provided they are 
fully insulated with 6mm 
heatshrink sleeving, as shown here. 


——— RED WIRE 
TO CENTRE 
LEAD 
—— 2 x 25mm 


LENGTHS OF 
2.5mm HEATSHRINK 


ZO 


30mm LENGTH 
OF 5mm DIA 
HEATSHRINK 


3-METRE LENGTH 
OF 2-CORE 
RIBBON CABLE 


but be sure to fully insulate them us- 
ing 6mm-diameter heatshrink tubing 
after the leads are crimped. 

Make sure you attach all of these 
space connectors very firmly using 
a ratchet-type crimp connector, so 


SUDE HEATSHRINK 
SOLDER RIBBON CABLE WIRES 
TO TEMP SENSOR LEADS (2) SLEEVES UP AND 


(3) FIT LARGER SLEEVE AND 
HEAT TO SHRINK 


HEAT TO SHRINK OVER 
ALL LEADS 


they will give reliable long-term 
connections. 

Two short wires are used to connect 
the coil of the relay to terminal block 
CON3. These can be made up from 
medium-duty insulated hookup wire, 
with each one having a 4.8mm insulated 
spade connector crimped to one end. 

That completes the wiring of the 
Tempmaster, but before you screw on 
the lid of the enclosure to finish it, fit 
plastic cable ties to the mains wiring 
as shown in the internal photos. These 
will ensure that the spade connectors 
cannot come loose and make it impos- 
sible for a mains lead to make contact 
with any of the low-voltage wiring. 
You can also fit one or two cable ties 
around the wires from the relay coil 
to CON3, to make sure these will also 
hold each other in place. 


Installing the jumper shunts 


Another job to do at this stage is to 
fit the jumper shunts to the two 3-way 
header strips on the top of the PC 
board, to provide links LK1 and LK2. 
Whichever positions you use for these 
two jumpers will depend on whether 
you re going to be using the Tempmas- 
ter to control cooling or heating. They 
go in the lower ‘C’ positions for cooling 
or the upper ‘H’ positions for heating. 

Finally, fit the rubber sealing strip 
around the groove in the underside 
of the enclosure lid, and then screw 
the lid to the enclosure using the four 
screws provided. You should now be 
ready to make up the Tempmaster’s 
remote temperature sensor. 


Making the remote sensor 


Follow the step-by-step diagram 
shown in Fig.6 as a guide. The first 
step is to clip short the unwanted 
third lead off the LM335Z sensor and 
then solder the ends of the 2-core 


M3 x 9mm LONG COUNTERSINK HEAD 


CLAMP SENSOR ASSEMBLY 
TO 25 x 50mm ALUMINIUM 
HEATSINK PLATE 


4) 


SCREWS WITH STAR LOCKWASHERS 


FIT 3.5mm JACK PLUG TO 
OTHER END OF RIBBON 
CABLE (RED WIRE TO TIP) 


So 


Fig.6: follow this 5-step procedure to make the temperature sensor assembly. 
As shown, the sensor is clamped to a 25 x 50mm aluminium heatsink plate. 


This view shows the completed temperature sensor unit. It connects to the 
main Tempmaster circuit via a 3.5mm mono jack plug. 


ribbon cable wires to the other two 
leads, after slipping 25mm lengths of 
2.5mm diameter heatshrink sleeving 
over each one. 

After the solder cools and you are hap- 
py that both joints are good, the sleeves 
are then moved up until they butt hard 
against the body of the LM335Z, after 
which they are heated to shrink them 
in place (step 2). Then a 30mm-length 
of 5mm diameter heatshrink sleeving 
is slipped along the cable and over the 
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other sleeves, and heated in turn to 
shrink it in place as well (step 3). 

Next, prepare the sensor’s heatsink 
assembly by drilling two 3.5mm diame- 
ter holes on the centre line of the 50mm 
x 25mm aluminium plate, 18mm apart. 
Both holes should be countersunk to ac- 
cept countersink-head screws installed 
from underneath. 

Next make the 30mm x 10mm piece 
of 1mm aluminium into aclamp piece, 
by bending its central 8mm section 


oi, 
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This inside view clearly shows how the mains 
wiring is installed and secured. Note the nylon 
screws and nuts used to secure the IEC connector/ 
bracket assembly. 


into a half-round shape to fit snugly 
over the LM335Z’s body. After this, 
drill 3.5mm holes in the flat ends of 
this clamp piece, 18mm apart again 
to match the holes in the larger plate. 

You should then be able to assemble 
the probe with the LM335Z clamped 
to the top of the plate flat side down 
and the screws tightened down using 
M3 nuts and star lockwashers (step 4). 

Complete the sensor assembly by fit- 
ting the 3.5mm mono jack plug to the 
other end of the 2-core ribbon cable, 
connecting the red wire to the ‘tip’ lug 
and the brown wire to the ‘sleeve’ lug 
(step 5). 


Initial checks 


Before doing anything else, use 
your multimeter (set to a low ohms 
range) to check between the earth 
pin of the IEC connector and the 
earth outlet of the GPO socket. You 
should get a reading of zero ohms here 
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(this checks the integrity of the earth 
connection). 

Having verified the earth connec- 
tion, fit the 10A fuse to the fuseholder 
in the IEC socket. Note that this fuse 
should be a slow-blow type. 

Note also that we strongly advise 
against connecting this unit to mains 
power without the lid in place, to 
eliminate the risk of electric shock. 


Setting it up 

This is mainly a matter of adjusting 
trimpot VR1 to produce the refer- 
ence voltage level at test point TP1 
that corresponds to the average tem- 
perature you want the Tempmaster to 
maintain. This can be done by trial 
and error once the project is finished 
and working, but if you have a DMM 
it can also be done before the case is 
closed up (but before the IEC mains 
connector is connected to the power, 
of course). 


If you want to do this, first plug the 
12V DC cable from your plugpack or 
battery supply into CON1 at the right- 
hand end of the box. Now connect the 
leads of your DMM (set to a low DC 
voltage range) to TP1 and TPG. Read the 
voltage, which should be somewhere 
between 2.75V and 2.92V. Now all you 
have to do is look up the voltage level 
for the temperature you want from Fig.2 
and adjust VR1 until the DMM reading 
changes to this value. The enclosure 
can then be closed up again. 

All that remains now is to mount 
the remote sensor inside the fridge or 
freezer cabinet, or inside the hothouse, 
fishtank or seed germinating cabinet, 
attaching the sensor’s heatsink plate to 
the side of the cabinet using two short 
lengths of gaffer tape. Then you can 
run its ribbon cable outside, holding it 
down with further strips of gaffer tape 
so it will pass neatly under the rubber 
door seal when the door is closed. 
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There are at least three different ways 
that the Tempmaster Mk.2 can be con- 
nected up to control the temperature of 
a fridge, freezer or heater set-up. Which 
one you use will depend on whether your 
fridge/freezer/neater operates from 230V 
AC or 12V DC and also whether you will 
be running it from the AC mains or from a 
battery supply. 

The three main options are shown for 
your guidance in the diagram at right. 


Option A 

Option A shows the simplest arrange- 
ment, where a 230V fridge/freezer or heater 
is to be operated directly from the 230V AC 
mains supply. The 12V DC needed by the 
Tempmaster itself can be supplied either 
by a small plugoack DC supply or from a 
12V SLA battery which is kept ‘topped up’ 
by a suitable charger. 


Option B 

The next option (B) shows how a 230V 
fridge/freezer or heater can be connected 
to a 12V/230V power inverter, in a home 
or building which relies on solar panels or 
wind-generated power. As you can see, the 
Tempmaster itself can be powered from the 
main battery, along with the power inverter 
used to operate the fridge/freezer/heater. 

Because there is no current whatsoever 
drawn from the Tempmaster’s IEC mains 
input socket when the Tempmaster has 
switched offthe power to the fridge/freezer/ 
heater, the inverter should drop back to 
‘sleep’ mode at these times. 


Option C 

Option (C) shows how to connect things 
up when the Tempmaster is to be used 
with a 12V fridge/freezer and a solar power 
system. Here the configuration is quite 
straightforward but you MUST replace 
both of the Tempmaster’s ‘mains’ con- 
nectors with suitable low-voltage plugs 
and sockets - to make sure that they 
can’t be accidentally connected to 230V. 


If you mount the Tempmaster on 


the wall just behind the fridge/freezer 
or heater, the plug on the end of the 
ribbon cable can be plugged into CON2 
on the right-hand end of the enclosure 
to complete the job. 

Now you can unplug the power cord 
of the fridge/freezer/heating cabinet 
from its original mains output socket 
and plug it instead into the GPO on 


230V WALL 


OUTLETS IEC MAINS 


CORD 


12V DC PLUG PACK 
(OR CHARGER + 12V SLA BATTERY) 


(A) USE WITH 230V FRIDGE/FREEZER, MAINS POWER 


IEC MAINS 
CORD 


LOW VOLTAGE 


_—o—— 
PLUGS & SOCKETS aoe 


(12V DC LEAD) 


the top of the Tempmaster. Then when 
you connect the Tempmaster’s own IEC 
mains connector to the original wall 
socket, via a suitable IEC mains cable, 
the complete system will begin working. 

If you want to make sure that the 
thermostat is holding the fridge/ 
freezer/heater to the temperature you 
want, this can be done quite easily 
using a thermometer placed inside 
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TEMPMASTER Mk.2 
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TEMPERATURE 
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USE WITH SOLAR/WIND POWER, 230V FRIDGE/FREEZER 


\. TEMPERATURE 
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the cabinet for a while. You can see 
when the Tempmaster is switching 
power to the compressor or heater by 
watching LED1. 

If you need to adjust the average 
temperature up or down, this is done 
quite easily by adjusting trimpot VR1 
using a small screwdriver, through the 
small central hole in the right-hand 
end of the enclosure. EPE 
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Migrating from Windows XP to Windows 7 


HILE on a visit to England to speak at the Embedded 

Live conference in London in October 2010, I foolishly 
dropped my poor little notepad computer and smashed its 
screen. When I returned to America, I had only one day free 
before jetting off across the country, so I raced down to a local 
computer store to purchase a new machine. 

I ended up with a Sony VAIO, which boasts a quad-core Intel 
Core 17, and with which I am very happy indeed. The part I 
wasn’t too delighted about was the fact that I was obliged to up- 
grade to Windows 7, Office 2010, and a variety of other software 
applications. 

Now, I don’t know about you, but the older I become, the less 
I enjoy change. Based on my past experiences, I really was not 
looking forward to coming to grips with yet another operating 
system in the form of Windows 7. How young and foolish I was. 
If I were now in a position to advise someone about moving 
from Windows XP or earlier (or Windows Vista) to Windows 7 
I would jump up and down, wave my arms around, and shout: 
‘Don’t waste a second — upgrade immediately!’ (Note that I am 
not suggesting that you load Windows 7 onto an older machine 
— the results might be problematic — all I’m saying is that if you 
are fortunate enough to be in a position to acquire a new com- 
puter running Windows 7, then embrace it and don’t be afraid.). 

Why do I like Windows 7 so much? Well, apart from anything 
else, it boots up really, really quickly. When I powered up my 
old Windows XP machine, it would sit there with its hard-disk 
drive thrashing furiously for more than five minutes before it 
was ready for me to do anything useful. My understanding is 
that part of the reason for this delay is the fact that Windows XP 
pre-loads a bunch of stuff on the off-chance it will be required. 

By comparison, my new machine with Windows 7 boots up 
incredibly fast. I’ve been told that this is due to the fact that it 
uses a ‘load on demand’ model in which it only loads things 
when it needs them. I don’t know if this is true or not, but I just 
powered it down and up again to see how long it took (some- 
thing I would never have done with my old machine while in the 
middle of writing an article) and it was ready to rock and roll in 
less than 60 seconds (it seems like much less)! 


An amazing search 

One feature that is especially useful (I would go so far as to 
say ‘amazingly so’) is the Windows 7 Search utility. Unlike 
Windows XP which took ages to find what you were looking for, 
with Windows 7 you simply click the Start button and you are 
immediately presented with the Search field saying ‘Search pro- 
grams and files’. If you start typing something like ‘Dr. Who’, 
the system dynamically displays a list of appropriate files (this 
list is automatically based both on the file names and the con- 
tents of those files). 

The fact that the search function displays its results instant- 
ly and dynamically (on-the-fly) means it must be constantly 
searching and indexing things in the background and storing the 
results in a database somewhere. I don’t know how it does it. 
I don’t care. All I know is that it works beautifully and that in 
the future this is going to save me countless hours of rooting 
through my file and folders by hand. 


Max’s Cool 


Beans 


By Max The Magnificent 


Anyway, the end result is that I have actually been very hap- 
pily surprised by my move to Windows 7. Knowing what I do 
now, I wish I’d made this move much sooner. 


Pico projectors rule! 

Have you seen those amazingly cool miniature projectors 
called pico projectors? These little scamps are small enough to 
fit in the palm of your hand, but some of them can pack quite 
a punch. I could really do with one of these when giving small 
writing seminars to local companies. The problem is that there 
are so many of them around, so how do you know which one 
to choose? 


The Optima PK301 pocket pico projector 


Well, the good news is that I currently have a review sitting 
on my desk. It’s called an Optima PK301 and it’s pretty power- 
ful, with 50 lumens output, where the number of lumens tells 
you how bright a light source is (a lot of pico projectors are 
rated at only 10, 15, or 20 lumens). 

The Optima PK301 is really compact — it’s about the same 
size (length and width) and twice as thick as my Droid Incred- 
ible smartphone. You can connect the PK301 to the VGA port 
on your PC, thereby allowing you to display whatever’s on your 
screen (Word documents, PowerPoint presentations, videos). 
Alternatively, you can use a USB cable to download photos and 
PowerPoint presentations and videos into the PK301 and use 
it all on its own (powered from the wall or by its own internal 
battery). 

The bad news is that I’ve had this little rascal for almost a week 
now and I simply haven’t had the time to play with it to see what 
it’s like. I know... I know... I can hardly believe that I’m saying 
this myself. But I promise to power it up soon and I shall report 
back in my next column. Until then, have a good one! 


Check out ‘The Cool Beans Blog’ 
at www.epemag.com 


Catch up with Max and his up-to-date 
topical discussions 
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In Part 3 this month, we describe how the 
Multi-Purpose Car Scrolling Display is 
connected to the car and used. It’s driven 
using a simple command-line program. 


WEN you have built and tested 
!'V the PC boards, and installed the 
driver and software as explained in last 
month’s article, you will then need to 
use the host program for calibration, 
to change preferences and to set up 
the features of the display. 

This is done using a PC (a laptop 
is preferable if the device is already 
installed in a car), a USB cable and 
the command line program for Win- 
dows: cardisplay.exe (downloadable 
from the EPE website at www.epemag. 
com). 


There are many user-changeable 
settings, but the software is organised 
into multiple-choice menus, which 
should make it straightforward to use. 
We should point out that in most cases, 
the default values will not need chang- 
ing — you can use them as they are. 

Aside from the main features de- 
scribed in the December 2010 and 
January 2011 issues of EPE, there are 
several other features. These are bat- 
tery protection (if using a car’s battery 
as the power source), dependent vari- 
ables and limit condition messages. 
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The latter are messages that, in the 
two scrolling display modes, will 
alert you when a variable is too low 
or too high. As previously mentioned, 
in Static Display mode, flashing and 
reversed modes indicate the limit 
conditions. 

With dependent variables, you can 
display temperature in both degrees 
Celsius and Fahrenheit. More gener- 
ally, you can display the same reading 
in different units, or show a corrected 
speed reading, for example. 

When using the display in a car, 
with the car’s battery supplying power, 
you can enable battery protection to 
switch off the display when the bat- 
tery level drops below a set minimum. 
The display will then go into standby 
mode, with a current drain typically 
around 10mA. 
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This mode is also recommended if 
you want to use running totals that 
persist over many on/off cycles. 


Connecting sensors 


The Car Scrolling Display can moni- 
tor up to six different sensors. For a 
voltage/resistance sensor, connect the 
output of the sensor to one of the four 
input channels on CON3 (referred to as 
ANO-AN3). Fora sensor with a varying 
voltage (eg, oxygen sensor), you should 
connect its ground reference to pin 6 
of CONS. For a sensor with a varying 
resistance (eg, thermistor), you should 
connect its other end to pin 1 of CON3 
(+5V rail). 

For a frequency/duty cycle sensor, 
connect the output of the sensor to one 
of the two input channels on CON2 
(referred to as FQO-FQ1). You should 
also connect the ground reference to 
pin 1 of CON2. If you want to measure 
fuel injector duty cycle, for example, 
connect the fuel injector signal to one 
of the input pins of CON2 — see Table 1. 


Connecting relays and buzzers 


If you plan on using at least one of 
the two digital output channels for 
switching a relay or buzzer on a limit 
condition (a reading that is too high 
or too low), you should connect the 
relay or buzzer to CON4. 

Note that if you are powering the 
Car Scrolling Display solely from USB 
power (+5V) then neither relays nor 
buzzers will work on the output chan- 
nels, because they take their positive 
supply from pin 4 of CON1 (the power 
supply input pin). Using USB power 
only, however, does allow you to do 
everything else, including data logging 
and powering the display. 

There are two relay/buzzer outputs, 
referred to here as Output 0 and Out- 
put 1. Output 0 corresponds to pins 1 
(—) and 2 (+) of CON4, while Output 
1 corresponds to pins 3 (+) and 4 (-) 
of CON4. For relays, which are not 
polarised, the coil is connected across 
pins 1 and 2, or across pins 3 and 4. 
You should connect buzzers with the 
correct polarity, however. 


Connecting the supply 


There are two options when con- 
necting power. One way is to connect 
the ignition-switched +12V supply 
from your car’s battery to pin 4 of 
CON1 while connecting the negative 
terminal of the battery to either pin 2 
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O (ANO) Pin 5 of CON3 voltage/resistance 
1 (AN1) Pin 4 of CON3 voltage/resistance 
2 (AN2) Pin 3 of CON3 voltage/resistance 
3 (AN3) Pin 2 of CON3 voltage/resistance 
4 (FQO) Pin 2 of CON2 frequency/duty cycle 
5 (FQ1) Pin 3 of CON2 frequency/duty cycle 


Table.1: this table shows the pinouts of the six channels. You connect the output 
of your sensor to either CON2 or CON3, depending on whether it is a voltage/ 
resistance sensor or a frequency/duty cycle sensor — see text. 


or 3 of CON1 (it is immaterial which). 
You then connect the positive battery 
terminal to pin 1 of CON1 (for battery 
level measurements). 

With this configuration, the ‘off’ 
state current drain (the current drain 
when the Car Scrolling Display has 
shut down) is very small and is es- 
sentially determined by the 66kQ 
loading on the battery sense input (the 
input impedance of the ADC input, 
which is very high, is in parallel with 
the 10kQ resistor). It works out to be 
roughly 200pA. 

Unfortunately, with this power sup- 
ply connection, three features of the 
Car Scrolling Display will not be avail- 
able: battery protection, automatic 
shutdown and wake-up, and persistent 
running totals (see below for explana- 
tions of these features). 

For cars that are driven frequently, 
say at least once a week, and to ensure 
all features of the Car Scrolling Display 
will function correctly, you should 
reverse the positive supply connec- 
tions. In other words, connect the 
(unswitched) +12V battery line to pin 
4 of CON1 and the ignition-switched 
+12V to pin 1 of CON1. 

The only penalty is that when the 
Car Scrolling Display shuts down (for 
example, when you switch off the 
ignition), the display will still draw 
standby current — around 10mA. If that 
is a problem, you will need to connect 
the display to the car’s battery in the 
alternative way described earlier. 


Connecting a computer 


The next thing to do is to connect 
the Car Scrolling Display to acomputer 
running Windows, using a USB cable. 
You can do this at any time to change 
settings, calibrate the sensors and to 
do real-time data-logging. 

In last month’s article, we guided 
you through the installation of the 
Windows driver, and the PC host 


cardisplay Properties 


General | Shortcut | Options | Font | Layout | Colors | Compatibility J 


Window preview 
Screen buffer size 


Width: 

Height: 

Window size 
Width: 

Height: 

Window position 
Left: 

Top: 


[] Let system position window 


Fig.1: this screen grab from Windows XP 
shows the properties of the command 
prompt shortcut used with the program 
cardisplay.exe. We suggest you use 
size 16 Lucida Console font, while the 
window width should be 125 and the 
height 58. 


program. You may want to create a 
shortcut to the command window to 
go on your Windows Desktop. The 
suggested settings are shown in Fig.1. 
Change these by right clicking on the 
shortcut icon and going to ‘Properties’. 

The line width should be at least 
120 characters, as the program can 
output some very long lines, which 
will otherwise wrap around and be 
difficult to read. 

When cardisplay.exe is run without 
command line options, it will display 
the help message listing the available 
options. The full list of command line 
options is shown in Table.2. 


Setting name and unit strings 
Each of the four values of each vari- 

able has an associated name and unit 

string. The default name strings are 
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Fig.2: typical limit condition messages in the two scrolling modes. When a reading 
is below the minimum or above the maximum, you will periodically be warned 
about this. You set the minimum and maximum values by running the command 
cardisplay -v and choosing the ‘Change the Minimum and Maximum Values and 
Hysteresis’ option. 


carduplay - cardiapley -0 
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Fig.3: this screen grab was obtained by running the command cardisplay -o. It 
shows the output configuration menu, and this is used to set up the two digital 
outputs to drive buzzers or relays, depending on limit conditions. In this example, 
the second output is disabled, while the first output controls a relay that will switch 
off when the battery voltage drops below 11.0V. 
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Fig.4: how to use the command cardisplay -o to set up a relay connected to Output 
1. In this example, we have followed the prompts to set up the relay to switch on 
when the battery voltage exceeds the set maximum value of 13.8V. The choices are 
made at each step by pressing the appropriate key (we’ve selected options b, b, a, g 
and d here). Choose ‘Exit and Save’ for the changes to take effect. 
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of the form VarD(N), where D is the 
variable number (0-5) and N is the 
value number (0-3). For example, the 
default name of reading 2 of variable 3 
is Var3(2). The default unit strings are 
similarly of the form UnitD(N). 

For example, if you are measur- 
ing engine RPM, you could choose 
the name ‘Engine Revs’ and the unit 
‘RPM’. To do this, run the command: 
cardisplay -v and choose the ‘Change 
the Name and Unit of the Variable’. 
Once you’ve chosen the variable name 
and its units, select the ‘Exit and Save’ 
option, and they will be saved to non- 
volatile memory. 

Remember that you will also need to 
add the reading to the display queue, 
as explained in the section titled 
‘Changing The Displayed Readings 
and Their Order’ (see below), for it to 
be displayed. 


Setting minimum and 
maximum values 


Next, you can also set the minimum 
and maximum values for the reading, 
by running the command cardisplay 
-v and choosing the ‘Change the 
Minimum and Maximum Values and 
Hysteresis’ option. 

Visible cues depend on the mini- 
mum and maximum values you enter. 
Recall from the first part of the article, 
that in the Static Display mode, the 
readings will flash when below the 
minimum and flash reversed when 
above the maximum. 

In the other two scrolling display 
modes, there will be periodic warning 
messages, as shown in Fig.2. If you are 
also planning to use one of the two dig- 
ital outputs to monitor a reading and 
have arelay switch on or off or a buzzer 
sound on the extremes, then these are 
also the values that determine the on/ 
off switching of the relay or buzzer. 

For example, for a 12V car battery, 
a typical minimum value would be 
11V and a typical maximum would 
be 13.8V. For cabin temperature, you 
might choose 16°C for the minimum 
and 32°C as a maximum. 

If you would like to monitor a read- 
ing and have a relay switch on or off 
on a limit condition, or have a buzzer 
beep, then you should configure one 
of the two digital outputs as follows. 


Setting up a relay 


Setting up a relay to switch on or off 
on a limit condition is easy. Run the 
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cardisplay or cardisplay —h 


Show all available command line 
options (help). 


cardisplay 


View real time information from 


cardisplay —x:N or 
cardisplay —q:N 


variable number N, where N is in 
the range 0-5. The —x option is 


cardisplay -q:0 


useful for troubleshooting 


cardisplay —v 


(‘v’ is for variable) Go to the variable setup menu. cardisplay —v 
eee —d ('d' is for Go to the display menu. cardisplay —d 
=: Display information about the 

cardisplay —1 Car Scrolling Di j j ji i 
fae g Display, including cardisplay -i 

(‘7 is for information) system settings 

cardisplay —e Display extended information 

(‘e’ is for extended) about the Car Scrolling Display. cardisplay —€ 

cardisplay —c pont : 

(‘c’ is for calibration) Go to the calibration menu. cardisplay —-c 

cardisplay —o Go to the output configuration cardisplay —0 


(‘o’ is for outputs) menu. 


Start real-time data logging up to 


cardisplay —u:N 
the user. 


Start real-time data logging up 
to N samples and store as file 
<filename> in .csv format. 


cardisplay —I:N:<filename> 


cardisplay —s (‘s’ is for 
system) 


cardisplay —w: <filename> recall. 


cardisplay —r: <filename> 


cardisplay —t 


N samples or until interrupted by 


Go to the system settings menu. 


Write all settings to a file for later 


Read all settings from a 
previously created file. 


Reset the Car Scrolling Display 
and restore all default values. 


cardisplay —u:100 


Cardisplay ‘—1:2000:my 
Data Log’ 


cardisplay —s 
cardisplay ‘-w:mySettings’ 
cardisplay ‘-r:mySettings’ 


cardisplay —r 


The available command line options will be 


shown. 


Shows information on variable 0, including 
all real-time readings. 


You can change all variable settings, like 
minimum and maximum values, enable or 
disable averaging mode, change the name 
an unit strings for the variable, among 
others. 


You can change which readings are 
displayed and in what order, among other 
things. The menu options are listed in Fig.6. 


Displays the current values of the settings, 
including system settings. 


Displays extended information, including 
internal settings useful for troubleshooting, 
if needed. 


Follow the on screen prompts. 


Allows you to configure the two digital 
outputs for connecting relays or buzzers. 
The menu options are listed in Fig.4. 


Capture 100 samples in real time at the set 
logging frequency and dump the data to a 
.cSv file — see Fig.9. 


Capture 2000 samples in real time at the 
set logging frequency and dump the data to 
a file. 


Change any system settings. The menu 
Options are shown in Fig.5. 


Saves all settings to the file mySettings. 


Restores all settings from the file 
mySettings. 


Resets the car scrolling display and 
restores all default values. 


Table.2: this table shows the command line options for the PC program cardisplay.exe running on your Windows OS. You 
can use a laptop to connect to the Car Scrolling Display if it is already installed in your car. You will need a USB cable, and 
the PC host program will allow you to log your car’s signals in real time. 


command cardisplay -o to enter the 

output configuration menu, as shown 

in Fig.3. Note that the current settings of 

the two digital outputs will be shown. 
Choose the ‘Set Up a Relay’ op- 

tion. Then choose the digital output 

connected to the relay you wish to 

control. You then select one of the four 

operating modes: 

a) Relay switches on at a maximum 
condition. 

b) Relay switches off at a maximum 
condition. 

c) Relay switches on at a minimum 
condition. 

d) Relay switches off at a minimum 
condition. 
You then choose the variable to 

monitor and the relay output will be 
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set up. A complete procedure is shown 
in the screen grab of Fig.4. 

Note that each variable has its own 
hysteresis value (shown as a percent- 
age) which is settable by running the 
command cardisplay -v and choosing 
the ‘Change the Minimum and Maxi- 
mum values and Hysteresis’ option. 
A typical value will be 10%. This 
affects how a relay connected to one 
of the two digital outputs is switched 
on or off. 

Suppose, for example, that the mini- 
mum and maximum values for the bat- 
tery voltage are set at 11.0V and 13.8V 
respectively, with the hysteresis at 5%. 

If the relay is set to switch on at a 
maximum condition, then the relay 
will switch on whenever the battery 
voltage is above 13.8V and switch off 


whenever the battery voltage is below 
95% of the maximum value, ie, below 
DSL. 


Setting up a buzzer 


Again, you need to run the command 
cardisplay -o. This time, select the 
‘Set Up a Buzzer’ option, then choose 
one of the two digital outputs and the 
variable the buzzer applies to. 

Remember that the buzzer will emit 
two short beeps when the reading is 
below the minimum, and one long beep 
when the reading is above the maxi- 
mum. Recall also that beeping is only 
enabled in the Static Display mode. 


Changing system settings 
There are a few system settings 
which can be set by running the 
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Fig.5: this shows the result of running the command cardisplay -s to change system 
settings. The value of the setting is shown and you are prompted to enter a new 
value. In each case, pressing ENTER retains the old value. For the Enable/Disable 
settings, you press either e (for Enable) or d (for Disable). When the settings have 
been entered, the new settings are displayed. 


ts cardisplay - cardisplay -d 
14.2600) 


C:\Documents and Settings \Mauro Work\Desktop\Car 


Microsoft Windows XP [Version 3 
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Fig.6: by running the command cardisplay -d, youcan enter the display settings menu. 
Here you add readings you want to show, or hide readings you no longer want to 
display. You can also change the order of the displayed readings, the scrolling speed 
of the display and the minimum and maximum brightness levels. 


command cardisplay -s. You will 
be given the current value of each 
system setting and prompted to enter 
a new value. In all cases, pressing 
ENTER retains the current value. 
Again, in most cases, the default 
system settings probably will not 
need to be changed. 

A typical screen grab is shown in 
Fig.5. Note that some are Enable/Dis- 
able settings, and you simply type ‘e’ 


Fig.7: this is the message that will scroll 
when the battery level drops below 

the set minimum. The Car Scrolling 
Display will protect the battery by 


shutting down to standby mode. W 


or ‘d’ to enable or disable respectively. 
The system settings are: 


a) Minor delay: this is a number in 
multiples of 16ms that sets the delay 
for flashing and reverse flashing in 
Static Display mode. The smaller 
the number, the shorter the time that 
the readings will be off (if flashing 
to indicate minimum condition) or 
reversed (if flashing in reverse to 
indicate a maximum condition). 


b) Major delay: this is a number in 
multiples of 16ms that sets the time 
that the actual reading is displayed 
in Static Display mode when a limit 


condition occurs. The smaller the 
number, the shorter the time that the 
reading will be seen. 


c) Readings Rounding Off Mode: you 
can enable or disable rounding off of 
readings. If enabled, rounding will 
be applied to all readings, depending 
on how many digits after the decimal 
point are set for that variable. 


For example, if a variable is set 
to show two digits after the decimal 
point and the reading is 123.5565, 
the display will show 123.56 (with 
rounding enabled) rather than 
123.55 (with rounding disabled). 


d) Zero Accumulators at Power On: 
you can enable or disable setting 
all accumulators to 0.0 when the 
display is powered on. Disabling is 
useful if you want persistent running 
totals, ie, totals that retain their value 
when you switch off the ignition. 


e) Automatic Wake-Up On Battery 
Sense: enable this to have the display 
turn on automatically when power is 
detected at the battery sense input. 


f) Readings’ Update Frequency (Log- 
ged): you can set the readings’ up- 
date frequency for data logging from 
0.2Hz to 8Hz. Note that the readings’ 
update frequency for normal display 
mode is always half of this value. 


Display settings menu 

Once you’ve set up a variable, you 
can select which readings to display 
using the display settings menu. You 
can also select the order in which the 
readings are displayed, the minimum 
and maximum display brightness and 
the scrolling speed. 


Ambient light level response 


The ambient light level is used to 
automatically dim the display when 
the light level drops. This can be 
overridden by setting the minimum 
and maximum brightness levels. The 
higher the number, the brighter the 
display. If you set the minimum to 
be equal to the maximum, then the 
brightness will be fixed. 

If, for example, you set the mini- 
mum to 100 and the maximum to 250, 
the brightness will vary between these 
extremes, depending on the ambient 
light level. It is usually desirable to 
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have a dimmer display when the am- 
bient level drops. It will also result in 
lower current drain. 

The scrolling speed (applicable to 
the two scrolling display modes) can 
be varied. The lower the scrolling 
delay (measured in milliseconds), the 
faster the scrolling will be. 

To set the minimum and maximum 
brightness as well as the scrolling 
speed, run the command cardisplay 
-d and choose the ‘Change Display 
Settings’ option. 


Changing the displayed 
readings and their order 

The display menu also allows you to 
select up to 10 readings to display and 
choose the order in which they appear. 
Note that the first reading cannot be 
hidden, so there will always be at least 
one reading to display. The accumulator 
of each variable can also be displayed. 

When the accumulator is displayed 
in any of the two scrolling modes, the 
name string will be that of the value 
which it is summing with a ‘(+)’ suffixed 
to indicate that the accumulator rather 
than the value is being displayed. 

To change which readings are dis- 
played and in what order, or to hide 
or add a reading, run the command 
cardisplay -d and choose the appro- 
priate options as shown in the screen 
erab in Fig.6. For example, choose 
‘Change Order of Display Object’ and 
select an object from the list of cur- 
rently displayed readings. Then use 
the arrow keys to move the reading 
up or down in order. 


Battery protection, automatic 
wake-up on battery sense 

With the correct power supply con- 
nection, you can enable automatic 
wake-up on battery sense and battery 
protection. Recall that the Car Scroll- 
ing Display will go into standby mode 
(drawing only very small currents) 
when it detects that the battery volt- 
age has dropped below the minimum. 
It will, however, not go into standby 
mode if USB power is available. 

The delay from detecting the low 
battery condition to the Car Scrolling 
Display shutting down (with a mes- 
sage as shown in Fig.7) can be set by 
running the command cardisplay -s. 
The setting to change is the ‘Battery 
Protection Delay’. This delay is useful, 
for example, if you are running a cool- 
ing pump from a relay on the digital 
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outputs and you want it to operate for 
a while after the ignition key has been 
switched off. 

When you enable automatic wake-up 
on battery sense, the Car Scrolling Dis- 
play will turn on when it detects that 
the battery level is above the minimum. 
You can enable or disable this by run- 
ning the command cardisplay -s. The 
setting to change is ‘Automatic Wake 
Up on Battery Sense’. 

Note that when you see the message 
in Fig.7, and the Car Scrolling Display 
goes into standby mode, you can man- 
ually force the display to wake up by 
pressing the pushbutton on the front 
panel. Keep it pressed for 10 seconds 
or so and the display will turn on. 


System messages 


From time to time, you will see a 
number of messages scroll by on the 
display. These are generated by the 
firmware in response to a number of 
events. These are shown in Fig.8. 


Real time data logging 


For data logging, run the command: 
cardisplay -u:<N> or cardisplay 
-1:<N>:<filename>, where <N> is the 
number of samples and <filename> is 
the name of the file to save the data to. 
Fig.9 shows an example screen grab. 

Note that when specifying a com- 
mand line option with spaces, you 
use double quotes to enclose the 
argument. For example, to collect 
2000 samples and store the result 
to a file called ‘My Output Log’ you 
would type at the command prompt 
cardisplay “-1:2000:my Output Log”, 
enclosing the argument in double 
quotes. 


 cardisplay 


Fig.8: these are some system messages, 
which begin with a ‘>’ character. ‘Wait’ 
appears when the display is busy; 
‘Logging’ when entering data logging 
mode; ‘USB On!’ when a USB cable is 
connected; ‘USB Off!’ when a USB cable 
is disconnected; and ‘Reset’ when a reset 
has occurred. ‘Off’ indicates that you 
have scrolled past the last reading and 
that the display is about to turn off (but 
not go into standby mode yet). 


The produced file will be a .csv 
(comma separated values) file which 
can be opened with any spreadsheet. 
Only values made loggable will be 
logged at the set logging frequency. 

To change a variable’s loggable values, 
run the command: cardisplay -v and 
choose the ‘Set the Logging Parameters 
For the Variable’. You can choose to tog- 
gle whether each of the four values of 
the variable will be logged. Ifat least one 
value is made loggable, you can further 


Fig.9: this screen grab was taken after running cardisplay -u:100 to collect 100 
samples in real time. The battery level and the ambient light level are being logged 
at the logging frequency of 5.6Hz. When using the -u option rather than the -| option, 
the filename is generated automatically from the PC’s date and time. In this case, 
the log was saved to dataWedDec171647472008.csv. 
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Fig.10: this shows the result of importing the log file into the spreadsheet application 
Microsoft Excel. We’ve also created a graph of the battery voltage level. This shows that 
the battery voltage was switched on around 4s after the start of logging and switched 


off again at about the 15s mark. 


choose to log the accumulator for the 
variable and to log the limit conditions. 

A screen shot showing a log file that 
has been imported into Microsoft Excel 
is shown in Fig.10. Here, the battery 
level has been logged and a graph has 
also been created. 


Out of range values 


In Static Display mode, out of range 
values will be shown as four ‘+’ signs. 
When a displayed value comes from 
a variable that has not been updated 
since being last displayed, the value 
will appear as ‘N/A’ in the two scroll- 
ing modes and as four ‘—’ signs in the 
Static Display mode (see Fig.11). 


Changing 
eC incceage 
D4 eee" e message 
When the 
Car Scrolling 
Display first 
powers on, a 
welcome mes- 
sage is shown. 


Fig.13: In the Static Display mode, 
overflow is indicated by 4 ‘+’ signs, while 
4 ‘-’ signs indicate that the reading is not 
ready to be displayed. In the scrolling 
modes, the value will appear as ‘N/A’ when 
the reading is not ready to be displayed. 


The default welcome message includes 
the firmware version. You can change 
the welcome message by running the 
command: cardisplay -v and choosing 
the ‘Change Welcome Message’ option. 


Saving and restoring settings 
to a file 


To write settings to a file for later 
restoring, run the command cardis- 
play -w:<filename>. You can restore 
settings by running the command 
cardisplay -r:<filename>. 


Restoring default values 


To restore all default values, as 
well as clearing all strings, you run 
the command cardisplay -r. 

That completes our presentation of 
this project in EPE. To obtain more 
detailed information about the opera- 
tion of the software and the calibration 
procedure, as well as how to change 
the variables’ settings, you can access a 
PDF file entitled “Car Scrolling Display 
User Guide’ on our website at: www. 
epemag.com. EPE 


Reproduced by arrangement 
with SILICON CHIP 
magazine 2011. 
www.siliconchip.com.au 
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Now you are in control 


The MIAC rugged PlCmicro 


microcontroller is an industrial grade 


controller which can be used to 

control a wide range of different 
electronic systems: for mains 

switching, motor control, sensor 
monitoring and much more. 


Rugged PIC |18F4455 
Programmable from USB - 
download software provided 
Compatible with third party 
PlCmicro, BASIC and C compilers 
Includes free Flowcode 3 graphical 
programming software (no 
upgrade rights) 

8 digital or analogue inputs 

4 relay outputs - 8A 

4 motor outputs with speed 
control - 12V, 500mA 

4 line 16 character display 
Control keypad 

Fully networkable via built in 
CAN bus 

Lab View and Visual Basic 
compatible - DLL supplied 
In-Circuit Debug over USB with 
FlowKit 
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Part 4: Transistors 


By Mike and Richard Tooley 


TUT 
TT 


Our Teach-In series is designed to provide you with a broad-based introduction to electronics. We have 
attempted to provide coverage of three of the most important electronics units that are currently studied in 
many schools and colleges in the UK. These include Edexcel BTEC Level 2 awards, as well as electronics 
units of the new Diploma in Engineering (also at Level 2). The series will also provide the more experienced 
reader with an opportunity to ‘brush up’ on specific topics with which he or she may be less familiar. 


Each part of our Teach-In series is organised under five main headings; Learn, Check, Build, Investigate and 
Amaze. Learn will teach you the theory, Check will help you to check your understanding, and Build will give 
you an opportunity to build and test simple electronic circuits. Investigate will provide you with a challenge 
which will allow you to further extend your learning, and finally, Amaze will show you the ‘wow factor’! 


we will introduce you to a com- 

ponent that can act as both an 
amplifier and a switch. Originally 
called a ‘transfer resistor’, the ubig- 
uitous transistor is found in almost 
every electronic circuit, either as a 
discrete component, or as part of an 
integrated circuit. 

We will use Circuit Wizard to in- 
vestigate the operation of a transis- 
tor as a device for amplifying and 
switching current. You will also be 
able to construct and test a simple 
light flasher that uses light-emitting 
diodes (LED). Finally, in Amaze we 
take this one step further by show- 
ing you how to design a printed 
circuit board (PCB) layout for the 
LED flasher! 


|: part four of Teach-In 2011, 
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Transistors 


There are several different types 
of transistor, but for convenience 
they are often divided into two main 
categories: bipolar junction transis- 
tors (BJT) and field-effect transistors 
(FET). Although the principle on 
which they operate is different, they 
are often used in similar applica- 
tions, and because of this we will 
focus our attention on BJT rather 
than FET devices. A selection of 
different types of transistor (includ- 
ing BJT and FET devices) is shown 
in Fig.4.1. 

Bipolar junction transistors are 
made of NPN or PNP junctions 
of silicon (Si). The junctions are 


extremely small and they are pro- 
duced in a single slice of silicon 
by diffusing impurities through a 
photographically reduced mask. 

Simplified representations of 
NPN and PNP transistors are 
shown, together with their sym- 
bols, in Fig,4.2. The connections 
to the semiconductor material are 
labelled collector (c), base (b) and 
emitter (e). 

Animportant point to note is that 
both types of transistor consist of 
two diode P-N junctions back-to- 
back. However, it’s important to 
realise that the middle layer (the P- 
type base region in an NPN transis- 
tor or the N-type base region in the 
PNP transistor) is made extremely 
narrow, and this allows charge 
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carriers to pass across it rather than 
enter or exit at the base. Thus, the 
main current flow in a transistor 
is from collector to emitter in the 
case of a NPN transistor, or from 
emitter to collector in the case of a 
PNP transistor, as shown in Fig.4.3 
and Fig.4.4. 

Fig.4.3 and Fig.4.4, respectively, 
show the normal voltages applied 
to NPN and PNP transistors and the 
current flow within the device. It 
is important to note from this that 
the base-emitter junction is forward 
biased, and the collector-base junc- 
tion is reverse biased. 

Because the base region is made 
very narrow, charge carriers are 
swept across it and only a relatively 
small number appear at the base. 
To put this into context, the cur- 
rent flowing in the emitter circuit is 


Collector 


Fig.4.3. Flow of current in an NPN transistor 
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typically 100 times greater than that 
flowing in the base. 


The equation that relates current 
flow in the collector, base, and emit- 
ter currents is: 


Ir =lIp tlc 


where Jr is the emitter current, 
Tp is the base current, and Ic is the 
collector current (all expressed in 
the same units). 


Fig.4.2 (below). Symbols, simplified 
models and construction of NPN and 
PNP bipolar junction transistors 


Base Emitter 
—_ | a | ities Oxide layer 
: ~ (insulation) 
Lie | P NM 


Semiconductor 
Metal case 


—< (conductor) 
Collector 


Construction 


Emitter 


Symbol Simplified model 


(a) NPN bipolar junction transistor (BJT) 


Emitter 
Oxide layer 
= (insulation) 
Semiconductor 
Metal case 


a (conductor) 
Collector 


Construction 


P oN fe 


Emitter 


Symbol! Simplified model 


(b) PNP bipolar junction transistor (BJT) 


Collector 


Emitter 


Fig.4.4. Flow of current in a PNP transistor 
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Table 4.1. Characteristics of the three BJT circuit configurations 


Please note! 


The direction of conventional cur- 
rent flow is from collector to emitter 
in the case of an NPN transistor, 
and emitter to collector in the case 
of a PNP transistor. In both cases, 


ae ein enna) ig 


the amount of current flowing from 
collector to emitter is determined by 
the amount of current flowing into 


the base. 


PNP Darlington aii 


@ 


P-channel es 


P-channel sitenanee 
mode MOSFET 


& 


P-channel dasleas 
mode MOSFET 


NPN becleaion BUT 


N-channel fgeee 


N-channel ie ae 
mode MOSFET 


N-channel sada 
mode MOSFET 


Fig.4.5. Symbols used for other types 
of transistor 


Common, OV 


(a) Common emitter 


Phase Phase shift = = | 1800 


General purpose amplifier 
Typical applications 


Please note! 


There are many different types of 
transistor. In this instalment of Teach- 
In we are just looking at one of the most 
common types, the bipolar junction 
transistor (BJT). Fig. 4.5 shows symbols 
for some of the other less-common 
types that you might come across. 


Example 1 


A transistor operates with a collec- 
tor current of 100mA and an emitter 
current of 102mA. Determine the 
value of base current. 

The value of Jp can be calculated 
by re-arranging the equation Jp = Ip + 
Ic to make Ip the subject, as follows: 


Ip=lg-Ic 
Hence: 
Ip = 102 —100 = 2mA 


Example 2 


A transistor operates with Iz = 
20mA and Ip = 500pA. Determine 
the value of Ic. 


Common, OV 


(b) Common collector 


_—— and output stages 
(where no voltage gain is 
we 


Radio frequency amplifiers 


The value of Jg can be calculated 
by re-arranging the equation Ip = 
Ip + Ic to make Ic the subject, as 
follows: 


Ic =Ip-Ic = 20-0.5=19.5mA 


(Note that 500),A is the same as 
0.5mA) 


BJT circuit configurations 


Regardless of whether a BJT is 
an NPN or PNP type, three basic 
circuit configurations are used, and 
all transistor amplifier stages are 
based on one of these. The three 
circuits are based on which one of 
the three transistor connections is 
made common to both the input and 
the output. In the case of BJTs, the 
configurations are known as com- 
mon emitter, common collector (or 
emitter follower) and common base 
(see Fig.4.6). 

Note that we have included a resis- 
tor (known as a load, marked Ry, in 
Fig.4.6) which converts the output 


Common, OV 


(c) Common base 


Fig.4.6. Bipolar junction transistor (BJT) circuit configurations 
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current (taken from the collector or 
emitter) into a corresponding volt- 
age which appears at the output. 
The three circuit configurations 
exhibit quite different performance 
characteristics, as listed in Table 4.1. 
Typical values have been included 
in brackets. 


Current gain 


BJTs are primarily current am- 
plifying devices, in which a small 
current at the base (b) influences a 
much larger current at the collector 
(c). There is a direct relationship 
between these two currents. For ex- 
ample, doubling the current applied 
to the base will cause the collector 
current to double, and so on. 

In the case of the common-emitter 
mode (where the input is connected 
to the base and the output is taken 
from the collector), the current gain 
is the ratio of collector current to 
base current. Hence: 


vf 

Current gain = — 

B 
To understand this important 
effect, take a look at Fig.4.7. This 


(a) lp = 0 mA (b) lp = 0.1 mA 


shows a transistor with a current 
gain of 100 operating in common- 
emitter configuration with three dif- 
ferent values of base current applied. 

In Fig.4.7(a) there is no base cur- 
rent, so there’s also no collector cur- 
rent. In Fig.4.7(b), the base current 
has increased to 0.1mA (100),A) and 
this has caused the collector current 
to increase from zero to 10mA. A 
further increase in base current from 
0.1mA to 0.2mA (2001A) causes the 
collector current to increase by a 
further 10mA to 20mA. 

We could now plot a graph of 
these results so that we can predict 
the collector current for any given 
value of base current. Not surpris- 
ingly, this graph (which is known as 
a transfer characteristic, because it 
shows input plotted against output) 
takes the form of a straight line, as 
shown in Fig.4.8. 


Example 3 


A transistor operates with a col- 
lector current of 75mA and a base 
current of 500pA. What is the 
common-emitter current gain of the 
transistor? 


emitter amplifier 


(c) lp =0.2 mA 
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Using the relationship: 


Current gain= J. gives: 


Current gain = I — 150 
0.5 


Example 4 


A BJT has a common-emitter 
current gain of 125. Ifthe transistor op- 
erates with acollector current of 50mA, 
determine the value of base current. 


Rearranging the current gain for- 
mula to make Ip the subject gives: 


Le 


——— 
current gain 


from which: 


i= au =(0.4mA (or 400uA) 
125 


Bias 

When we use a BJT to amplify 
signals, such as speech or music, 
we need to ensure that the transis- 
tor is always conducting an amount 
of standing collector current. We 
achieve this by applying a bias 


Fig.4.7 (top left). Current flow in a simple BJT common- 


Fig.4.8 (below). Output current plotted against input current 
for the BJT in Fig.4.7 


Fig.4.9 (below left). A simple common-emitter amplifier circuit 


0.2 0.3 
Base current, Ip (mA) 
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current to the base of the transis- 
tor. This means that a static value 
of collector current will flow even 
when there is no signal present. The 
collector current can then increase 
above or decrease below this stand- 
ing value of current, depending upon 
the polarity of the input signal. 

If this sounds a little complicated 
take a look at the simple common emit- 
ter amplifier circuit shown in Fig.4.9. 

The signal (which is AC) is cou- 
pled into the amplifier via capacitor 
C1 and out of the amplifier via C2. 
These two capacitors help to isolate 
the transistor stage so that the DC 
voltages and currents inside it are un- 
affected by whatever is connected to 
the input and output terminals. The 
bias current (which flows all the time) 
is joined by the signal current before 
entering the base of the transistor. 

In a similar manner, the tran- 
sistor’s collector current has two 
components, a DC value resulting 
from the steady bias current and 
an AC current superimposed on it 
resulting from the amplified signal 
current. These currents join together 
and flow through the collector load 
(R2) across which the output voltage 
is developed. Note that the output 
voltage has the same shape as the 
input voltage, but is inverted (or 
turned through 180°). 


lp = 0.2 mA 


Fig.4.10. Bias calculations for the simple common-emitter 


amplifier circuit 


Fig.4.11. (right) Superimposing an input signal on the 


bias current in Fig. 4.10. 
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Now let’s see if we can calculate 
the base and collector voltages and 
currents when no signal is present! 
Fig.4.10 shows the amplifier circuit 
redrawn, omitting the input and out- 
put coupling capacitors as they will 
have no effect on the DC conditions 
within the amplifier. 

The transistor is a silicon type and, 
as we mentioned earlier, the device 
consists of two P-N junctions. The 
collector-base junction is reverse 
biased, while the base-emitter junc- 
tion is forward biased. 

As a result, the voltage drop be- 
tween the base and emitter will be 
the same as the forward voltage drop 
for any conducting silicon diode, 
or approximately 0.6V. The voltage 
drop across resistor R1 will thus be 
(6 — 0.6)V or 5.4V and the current 
flowing in it (the base bias current) 
can be calculated using Ohm’s law: 


5.4 
"97x13 


If the transistor has a current gain 
of 100, we can now find the static 
value of collector current using: 


=0.2mA 


J, = Current gain x /, = x = 


=100x0.2 = 20mA 


We can now determine the volt- 
age dropped across the collector 
load, R2: 


<= 
E 
a 
S 
2 
3 
eo 


Input signal 


V, =9.02x150=3V 


Finally, the voltage drop between 
the collector and emitter can be cal- 
culated from: 


Vi, =V —V, =6-3=3V 


Now let’s superimpose a signal 
current onto the bias and see what 
happens to the collector current. 
To do this, we can use the transfer 
characteristic that we met earlier. 
The no-signal (or quiescent) condi- 
tion when the base current is 0.2mA 
and collector current is 20mA is 
marked as the operating point on 
Fig.4.11, which also shows the effect 
of superimposing a signal which has 
a peak value of 0.1mA on the steady 
bias current. 

Due to the signal, the base current 
will swing up to 0.3mA on positive 
peaks and down to 0.1mA on nega- 
tive peaks. In response to this, the 
collector current will swing up to 
30mA and down to 10mA. This will 
have the effect of producing an out- 
put voltage change (dropped across 
Ry) of 3V peak-to-peak. 


Please note! 


The optimum value of collector- 
emitter voltage for the common- 
emitter amplifier circuit shown in 
Fig.4.9 is exactly half that of the 


Output signal 


0.5 


Base current, le (mA) 


Base bias current = 0.2 mA 
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Fig.4.12. An improved common-emitter amplifier 


Vin=2.5V 


Fig.4.13. A further improved common-emitter amplifier 


supply. This ensures that the voltage 
at the collector ofthe transistor (ie, the 
output signal) can swing evenly up to 
6V and down to OV when the signal 
is applied, returning back to 3V when 
the signal is no longer present. 


Improved amplifier stages 


In order to stabilise the operating 
conditions for an amplifier stage and 
compensate for variations in transis- 
tor parameters, base bias current for 
the transistor can be derived from the 
voltage at the collector (see Fig.4.12). 
This voltage is dependant on the col- 
lector current that, in turn, depends 
upon the base current. 

A negative feedback loop thus 
exists in which there is a degree of 
self-regulation. If the collector cur- 
rent increases, the collector voltage 


will fall and the base current will 
be reduced. The reduction in base 
current will produce a correspond- 
ing reduction in collector current 
to offset the original change. Con- 
versely, if the collector current falls, 
the collector voltage will rise and 
the base current will increase. This, 
in turn, will produce a correspond- 
ing increase in collector current to 
compensate for the original change. 

Fig.4.13 shows a further improve- 
ment in which DC negative feedback 
is used to stabilise the stage and com- 
pensate for variations in transistor 
parameters, component values and 
temperature changes. Resistors R1 
and R2 form a potential divider that 
determines the DC base potential, 
Vz. The base emitter voltage (Vpp) is 
the difference between the potentials 
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(a) No input voltage — TR1 ‘off 


lc = 20 mA 


RL 
300 


Vee =0.7 V 


(b) Input voltage = 2.5 V— TR1 ‘on’ 


Fig.4.14. A simple transistor switch 


present at the base (Vp) and emitter 
(Vp). The potential at the emitter is 
governed by the emitter current (Jp). 

If this current increases, the emit- 
ter voltage (Vp) will increase and, as 
a consequence Vp x will fall. This, in 
turn, produces a reduction in emit- 
ter current which largely offsets the 
original change. 

Conversely, if the emitter current 
(Vz) decreases, the emitter voltage 
Vpr will increase (remember that Vp 
remains constant). The increase in bias 
results in an increase in emitter current 
compensating for the original change. 


The transistor as a switch 


Conventional electromechanical 
switches can only operate at very 
low speeds. Transistors, on the other 
hand, can switch current many mil- 
lions of times faster and without 
any wear or deterioration. Fig.4.14 
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shows a simple transistor switching 
circuit in which the current is being 
switched on and off in the load, Ry. 

In Fig.4.14(a), no base current is ap- 
plied to the transistor and the transistor 
is in the ‘off’ state. In this condition, no 
collector current flows and similarly 
no current flows in Ry. In Fig.4.14(b) 
a base current of 1mA is applied to 
the transistor from a 2.5V source. As 
before, if we assume that the transistor 
has a current gain of 100, the collector 
current should be 100mA (100 times 
the base current). 

However, this is not possible because 
the collector current can never be more 
than 20mA (determined by the 6V 
supply and the resistance of the load). 
In this condition, the transistor is said 
to be saturated and no more collector 
current will flow regardless of how 
much more base current is supplied. 

Transistors used in switching cir- 
cuits are normally operated under 
saturation conditions. This means 
that the collector voltage will either 
be the same as the supply voltage (in 
the ‘off’ state) or very close to OV (in 
the ‘on’ state). Later in this instal- 
ment of Teach-In you will be build- 
ing and testing an ‘astable’ circuit 
that uses two transistors operating 
as saturated switches. 


Circuit Wizard 


A Standard or Professional version 
of Circuit Wizard can be purchased from 
the editorial office of EPE — see CD- 
ROMs for Electronics page and the UK 
shop on our website (www.epemag. 
com) for a ‘special offer’. 

Further information can be found 
on the New Wave Concepts website; 
www.new-wave-concepts.com. The 
developer also offers an evaluation copy 
of the software that will operate for 30 
days, although it does have some limita- 
tions applied, such as only being able 
to simulate the included sample circuits 
and no ability to save your creations. 

However, if you’re serious about 
electronics and want to follow our 
series, then a full copy of Circuit 
Wizard is a really sound investment. 


SZ 


Check — How do you think you are doing? 


4.1. Sketch the circuit symbol for 
(a) an NPN BJT and (b) a PNP BJT 
and label the connections. 


4.2. When used as a simple com- 
mon-emitter amplifier, what volt- 
age would you expect to measure 
between the base and emitter of 
a silicon transistor? Explain your 
answer. 


4.3. A transistor operates with a 
collector current of 4mA and a 
base current of 10pA. What will 
the emitter current be? 


4.4. What will the common emit- 
ter current gain be for the BJT in 
Question 4.3? 


Build — The Circuit Wizard Ww 


O you’ve heard the theory 

about transistors — now let’s 
try it out in Circuit Wizard. We’l] 
start off by exploring a couple of 
really simple transistor circuits to 
see how they function. 

You can find transistors in the 
‘Discrete Semiconductors’ folder 
in the gallery. You’ll notice that 
there are lots of different types of 
transistors to choose, including 
standard bipolar and field effect 
types. 

As well as having different 
types of transistor, each can be 
set to one of a large selection of 
different models for that type. 
There are literally thousands of 
different models of transistors 
on the market, all with different 
shapes, sizes and characteristics. 
It’s important that when you’re 
designing circuits that you 


4.5. Sketch the circuit of a simple 
common-emitter amplifier. Label 
your diagram. 


4.6. Explain why capacitors are 
needed at the input and output 
of a simple BJT amplifier. 


4.7. Explain why bias is needed 
in a transistor amplifier. 


4.8. Sketch the circuit of a simple 
transistor switch. Explain how the 
circuit operates. 


For more information, links and 
other resources please check out 
our Teach-In website at: 


www.tooley.co.uk/ 
teach-in 


choose one that’s right for the 
job. We’ll see what difference it 
makes by trying out a circuit with 
two different transistor models. 

Start off by recreating the circuit 
shown in Fig.4.15 using an NPN 
transistor. Once you’ve dragged 
the transistor on to your circuit, 
double-click the symbol and 
select BC108B from the model 
drop down. 

The ammeters can be found in 
the ‘virtual instruments’ folder. 
Make sure that you get them the 
right way round (look for the 
positive, + symbol) or you’ll get a 
negative current reading. One of 
the neat features in Circuit Wizard 
is that you can pop voltmeters 
and ammeters into your circuit 
designs so that you can take read- 
ings and see what’s going on in 
your circuit with ease. 
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Now run the circuit and flick the 
switch. Not the most interesting of 
circuits, but it does show us some 
key features of a transistor’s opera- 
tion. You might also like to switch 
to the ‘Current Flow’ view to see a 
visualisation of the current moving 
around the circuit. Leave the switch 
closed (on) for the moment and take 


Fig.4.15. Transistor demonstration circuit with 


ammeters to show current flow 


a look at the three ammeter readings. 
Notice that there is a small amount of 
current flowing into the base of the 
transistor, but there’s a much larger 
current flowing into the collector and 
through to the emitter. In current flow 
view you can see that the right-hand 
loop of the circuit is much thicker. 
This demonstrates how we can use 
transistors to control a much larger 
current from a relatively small one. 
The next thing to notice is that the 
current flowing out of the emitter is 
equal to the current flowing into the 
collector, plus the current flowing 
in to the base. We can write this us- 
ing the formula that we met before: 


Ir =Ipt+Ic 


Double check this proves true 
for your circuit by adding your 
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readings for Jc and Ip and seeing if 
it matches up to your reading for Jp. 
The number of times bigger the load 
current is than the input current used 
to control the transistor is called the 
gain. We can calculate the gain for our 
transistor using the formula: 


Current gain = 


a4 
MPSA 2 


Use this formula to help you 
calculate the gain for the circuit. 
Remember to use Jc not Jf — it’s a 
very common mistake! 

Now we’ve proved a bit of the- 
ory in action, let’s see some real 
circuits that use transistors. We 
discussed in Learn, that transis- 
tors can be used as a switch or an 
amplifier — so here’s an example 
of each. 


Transistor switching circuit 


Enter and simulate the transistor 
switching circuit shown in Fig.4.16. 
This circuit uses a 555 timer chip 
(we’ll be looking at these in detail 
a little later in the series) to pulse a 
DC motor. The problem we have is 
that although the 555 is a clever little 
chip, it’s a bit puny and not capable 
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of directly powering a large load like 
a motor. 

The most it could handle is flash- 
ing an LED — so the question is how 
can we use it to control something 
much more powerful? Well, the an- 
swer is by using a transistor. What 
we do is use a really small current 
coming out of the 555 to control a 


Fig.4.16. Transistorised motor control circuit 


much larger current supplied to 
the motor. 

Looking at the circuits you can 
see that pin 3, the output of the 
555 is going to the base of the tran- 
sistor. Hence, when the output is 
high, a little current flows into the 
base of the transistor and ‘turns it 
on’. This allows current to flow 
down from the supply through 
the motor and down to ground. In 
this case, the transistor is used as 
a switch, with the transistor either 
being completely ‘on’ or ‘off’. 

When you’ve entered the cir- 
cuit into Circuit Wizard, change 
the view to ‘Voltage Levels’ (left- 
hand tabs, see Fig.4.17) and look 
carefully at the currents in the 
circuit, especially around the 
transistor. 
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one probe (red) to the output and one (blue) on 
to the input (just after the function generator). 

As you place more probes it will automati- 
cally give then a new colour so that you can 
identify them later on. As you place your 
first probe you should notice that a graph 
will appear along the bottom of the screen. 
This is great for allowing you to monitor 
how voltages around your circuit change 
over time. 

Before you hit ‘simulate’ double-click on the 
eraph and change the graph properties to those 
shown in Fig.4.20. This will set the minimum 
and maximum voltages shown on the graph 
(see Fig.4.20) and the time scale to give you a 
nice looking trace from the circuit. 


Fig.4.17. Transistorised 555 motor control circuit simulated in 
‘Voltage Levels’ view 


Transistor amplifier circuit 


In the next circuit, we are going 
to see a transistor operating as an 
amplifier. This will also introduce us 
to some of the graphing facilities in 
circuit wizard. Start off by entering 
the circuit shown in Fig.4.18 into 
Circuit Wizard. 

Make sure that you don’t confuse 
voltage rails (found in ‘Power Sup- 
plies’) and a terminal (found in 
‘Connectors’). To label the latter, 
just double-click on them and enter 


XFG1 
0.15 f 1Hz 


| on Signal 


BCS47B 


Fig.4.18. Simple Transistor 
amplifier circuit 


a name, but note that naming a ter- 
minal ‘5V’ or ‘OV’ does not turn it 
in to a voltage rail! Make sure that 
you change default values for the 
components and function generator 
to match the diagram given. 


@e ca @ 


rs 4dd Probe 


4dd 4 measurement probe to the 
design, (Fi?) 


Fig.4.19. Add probe button 
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Once you have the circuit made up 
you'll need to add some probes. Do 
this by clicking on the probe ‘Add 
Probe’ button on the toolbar (see 
Fig.4.19), then dropping the probe 
where you would like it to go. Add 


Caption: 


Minirnurn: 


Time: 


Now simulate the circuit and 
keep an eye on the graph. You 
should see two sinusoidal waves 
traced out (see Fig.4.21). The first 
blue line is the input — it has a re- 
ally small amplitude; you can barely 


Graph Properties 


Maximun: i | 
= 


Fig.4.20. Graph properties dialogue for the transistor 


amplifier circuit 
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see it rising above/dipping below 
the axis. The red line however, is a 


ooo 
SERRSERERReeeeeee 
VAL CAL CALA 


CURL ang SRSRRUORERReo aan a8 SESSRRReoEe aan oe 
a ann SERGRRRReeee EEC ECC Eee anne HHH Hee Sanene 
rity i AAT A MATT 

iy nee 
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aa 


A 8 ee 8 se ss ee SRLS Bl ee eee 
2 ee HCCC 0/8 ee ee fee natine eee ee 


Af 
much larger version ofthe blue line. 5° ys SISA eS SrSESTeEEE Erp ET eT ESE Ay pat 
2 * 3 ine. . B 4 Faun teene, ana thoae aaa teoae cua tnane ana tnene ann tneee faa teaae oH cna tnaae a a8 rH Pity auiey ace Pre 
This is the amplified output signal. § “y/o yf) A FEE HE EEE EEE EE 
It has a much higher amplitude than EEE EEE eee SEE EE EE 
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In this circuit, the transistor acts as 2 : . a ee * YO lUelUEUCUUeUeCULD Ue 


an amplifier. The transistor is being — Fig.4.21. Example trace from transistor amplifier circuit. The output waveform 
progressively saturated bythe small is shown at the top and the input waveform at the bottom 

signal input and so the output varies 
coincidently to the input. It’s acting 
a bit like a tap being opened and 
closed to control the flow of current 
in the output. 


Astable oscillator circuit 

Now we’re going to step things up 
a little and enter another useful real- 
world circuit into Circuit Wizard. 
The circuit shown in Fig.4.22 is a 
simple circuit that flashes two LEDs 
alternately. 

To give it its correct name it’s an 
astable oscillator circuit because 
it turns on and off continuously. It a ° = 
uses a pair of transistors that control Bronte oli 
the charging and discharging of two 
capacitors alternately — a little like 
a see-saw. 

Enter the circuit shown in 
Fig.4.22, making sure that you get 
all of the component values correct, 
and then hit the play button on the 
top bar to start the simulation. Did 
it work? 

Try out the different display 
styles by clicking the tabs along the 
left of the screen; the ‘current flow’ 
display (see Fig.4.23) works really oe 
well showing how the current is 1 OOF 1 OOUF 
flowing around the circuit, with 
the colour showing the voltage see- 
sawing on either side of the circuit 
and the charges building/diminish- 
ing on the capacitors. 

Finally, save your circuit as 
we'll be using them to construct 
a printed circuit board layout 
later on. 


Fig.4.22. Two transistor astable oscillator circuit 


BC o478 


Fig.4.23. Transistor astable oscillator in current flow display style 
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Investigate ee a Amaze | 


So far in Teach-In we’ve been 
using Circuit Wizard to simulate a 
CS =< RS variety of simple electronic circuits 
sind (3 i" so that we can better understand 
id how they work. However, you may 
be wondering how we get from some- 
thing that looks nice on a computer 
screen to something that we can 
actually build and use. 

Well, Circuit Wizard has a superb 
set of tools to helps us do just that. 
Load up the transistor astable circuit 
that you made in our ‘Build’ tutorial. 
Then click on the ‘Convert to PCB 
Layout’ button on the toolbar (see 
Fig.4.25). 

This will initiate a simple wizard 
that lets you convert a circuit design 
into a printed circuit board (PCB) 


Fig.4.24. See questions below 


The circuit of a simple audio am- | 
plifier is shown in Fig.4.24. Study 1s | are en 6 
the circuit carefully, look back at a a 
what we did in Teach-In Part 1 to Pe. 

Part 3, and then see if you can answer 
each of the following questions: 


us eT Convert to PLB Layout 
1. What type of transistor is (a) 


TR2 and (b) TR3? Convert 4 circuit diagram into 4 

2. What operating mode is used printed circuit board (PCB) layout, 
for (a) TR1 and (b) TR3? 

3. What type of diode is D1, and Fig.4.25. Convert to PCB button —_ 


what voltage would you expect to 


measure across it? Convert to Printed Circuit Board 


4. The mains-operated power sup- eee Choose how you wish to convert your design into a PCB 
ply oe ampli Rererared sr 7 BWV. : Ze layouk and then click Next to continue, 
Will this be sufficient? Explain your nh AS aM Single-Sided: Thick Tracks 
answer. : . ee “g single-Sided; Normal Tracks 

a oe ‘ } 8 Single-Sided; Thin Tracks 

5. What type of capacitor is C5, A, ee ee Double-Sided; Thin Tracks 
and what should its rated working +e. oe am Placement Only: No Routing 
voltage be? a i" Bs Rats Nest; No Placement or Routing 


6. What colour code should appear \ ST 

on (a) R1, (b) R2 and (c) R8? : Creates and routes simple single-sided boards 
: " With large pads, normal tracks and Flying wires, 

7. If a potential drop of 7.5V ap- 
pears across R5, what current will a - aA [ Allow me to customize the PCB layout conversion 
be flowing in it? 

8. What is the time constant of the 
series circuit formed by C4 and R8? 


Fig.4.26. Selecting PCB type 
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Fig.4.27. Checking out the working 


astable circuit 


design that you can then test ‘virtu- 
ally’ and/or create artwork to produce 
the PCB for real. 

Step through the wizard by clicking 
‘Next’; we'll leave the default setting 
for the moment. You will then be 
asked to choose a PCB layout — select 
‘Single-Sided; Normal Tracks’ (see 
Fig.4.26). 

Finally, click on the ‘Convert’ button, 
then sit back, cross your fingers and 
let Circuit Wizard work it’s magic! If 
all goes well, you should see the com- 
ponents being placed on to the circuit 
board and then the tracks automatically 
routed right before your eyes. 

When it’s completed converting 
your circuit it will pop up a window 
telling you how successful it’s been; 


* Circuit diagram design with component library (SOO components 


Standard, 1500 components Professional) 
* Virtual instruments (4 Standard, 7 Professional) 


36 On-screen animation 


hopefully it will report that 100% 
of the connections have been made. 
Click on OK and admire your PCB 
design. Circuit Wizard gives you a 
really nice ‘Real World’ view of what 
your produced circuit would look 
like. Now try some of the other views 
along the left. 

There are a number of things that 
you can now do with your design. If 
you want to go ahead and produce 
your circuit you can easily print out 
your artwork mask to use. Alterna- 
tively, you can try out your PCB and 
test it virtually. 

Just as in real life, you need a battery 
to operate the circuit. Grab one from 
the ‘Off-Board Components’, ‘Power 
Supplies’ folder in the gallery. In this 


Teach-In 2011 


Answers to Questions 


4.1. See Fig. 4.2 


4.2.0.6V as this is the usual 
forward voltage for a conducting 
P-N junction 


4.3.4.1mA 
4.4.400 

4.5. See Fig.4.12. 
4.6. See page 50 


4.7. See page 49 


4.8. See page 51 


case you'll need a 9V PP3 (alterna- 
tively you could use the virtual power 
supply from ‘Virtual Test Equipment’). 
Connect up your battery as shown in 
Fig.4.27, and test your PCB by starting 
the simulation. 

Experiment with the virtual multi- 
meter to check some of the voltages 
around the circuit. The display styles 
also work with a PCB so try some of 
these out too. 


Next month! 


In next month’s Teach-In we will 
look at integrated circuits (ICs) and 
operational amplifiers (op amps). 
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O 
CiRCUIT_SURGERY 


REGULAR GLINIC 


BY IAN BELL 


Unconnected input problems 


Dp” Larner posted an_ interesting 
question on the EPE’s Chat Zone 
forum recently: 


If there is an unused op amp in a design, 
say using three of the four op amps on a 
chip, is it best to leave them floating or tie 
them to the ground or positive rails? I have 
seen designs where they are floating, taken 
directly to ground and via a 1kQ2 resistor. 
Which is best and why? 


So, this month we will look at the 
issue of unused/unconnected inputs for 
logic devices as well as for op amps, 
describe some of the problems caused by 
unconnected inputs and then outline good 
practice for dealing with them. 


Demonstration 


If the potential significance of the 
behaviour of unused inputs is new to you, a 
simple experiment should help illustrate this. 
Construct the circuit in Fig.1 on solderless 
breadboard. Use a 5V LED indicator or a 
basic red LED with a 330Q to 470Q resistor. 

Connect the inverter input to a flying lead 
(just a piece of hookup wire sticking up a 
few inches from the breadboard, with the 
conductor exposed at the unconnected end). 
Also connect similar flying leads to the 
power and ground (OV) rails. 


' 
' LED 
! INDICATOR 


Fig.1. Simple experiment to demon- 
Strate the behaviour of unconnected 
inputs on CMOS logic chips 


Now hold the lead connected to the 5V 
rail by the insulation and briefly connect it 
to the inverter input wire. Disconnect it, and 
then briefly connect the wire from the 0V 
rail to the inverter input. Repeat this a few 
times. 

You will find that the LED will light when 
you connect the 5V rail (logic 1 in, logic 0 
out from the inverter), and extinguish when 
you connect the OV rail (logic O in, logic 1 
out from the inverter). This is what would be 
expected from the Boolean behaviour of the 
inverter. Note the LED is connected to the 


positive supply, so it comes on for logic 0 at 
the inverter output (logic | input). 

What you will probably also see is that: 
when neither supply lead is connected to 
the inverter input the LED will remain in 
the state it was in the last time its input 
was connected. This indicates that the 
unconnected input can behave as either 
logic 1 or logic 0, depending on previous 
or prevailing conditions. You may also see 
the LED flicker or change brightness. If you 
touch the inverter’s input wire, even on the 
insulation, or just wave your hand around 
close to the wire, the LED brightness or 
state may change. 

Unpredictability due to sensitivity to 
surrounding conditions via _ capacitive 
coupling, DC and AC electric fields is one 
of the reasons that unused inputs should not 
be left unconnected. These problems are 
worse with high impedance and high gain 
inputs, which includes CMOS logic and op 
amp inputs. 

Unpredictability in itself might not seem 
to be a problem for a completely unused 
logic gates or op amps; but unfortunately 
electrostatic fields acting on unused inputs 
can produce increased power consumption 
or chip-destroying latch-up (more on 
this shortly). For analogue circuits, such 
as op amps, there may be a significant 
increase in noise if unused devices are left 
unconnected. 

Unused logic gate inputs occur when spare 
larger gates are used with a smaller number 
of inputs. For example, a spare three-input 
AND used as a two-input AND gate. The 
unused inputs can be dealt with either by 
tying unused inputs to logic 1 (usually 
the positive supply) or to logic O (usually 
ground), or by linking gate inputs together. 
Linking gate inputs may produce a simpler 
circuit board layout than connecting them to 
the supply, but it will increase the load on 
the circuit driving the gate, increasing delay. 

When connecting unused gate inputs to a 
fixed logic level, the ‘non-controlling’ logic 
level should be used. For AND and NAND 
gates this is logic 1, and for OR and NOR 
gates this is logic 0. The noncontrolling level 
is one that does not determine the output 
value irrespective of other inputs. Logic 
devices, other than gates’ unused inputs, 
should be tied to a logic level appropriate to 
their function. 


Up or down? 

In some logic technologies, and in 
cases where inputs may be connected at 
some times and disconnected at others, 
inputs need to be connected to supply or 
ground via resistors. These are known as 
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1 

LED 

' INDICATOR 
1 

1 


Fig.2. Adding a pull-down resistor to the 
circuit in Fig.1 produces a more reliable 
behaviour 


pull-up resistors if they connect to the 
positive supply (logic 1) or pull-down 
resistors if they connect to ground (logic 
zero). The effectiveness of this can be 
demonstrated by repeating the experiment 
described earlier with a pull-down resistor 
added to the circuit (see Fig.2). 

The inverter will now output a logic | 
(LED off) all the time, except when the 
input is connected to the supply. No erratic 
behaviour should be observed, nor should 
the output respond to a hand waving close 
to, or touching the input wire. 

Some digital devices have internal pull- 
up or pull-down resistors, in which case 
external resistors should not normally be 
used — if in doubt, consult the datasheet. 
Microcontrollers such as PICs may have 
programmable  pull-up/down _ resistors 
on some I/O pins. For example, on many 
PICs, PORTB is a bidirectional I/O port 
which can be software programmed to 
connect weak pull-ups on all inputs using 
a single control bit. 

These pull-ups are automatically turned 
off when a port pin is configured as an output 
and are disabled on a Power-on Reset. These 
pull-ups are useful for situations such as 
where the microcontroller has to read the 
state of a mechanical switch, which would 
leave the input unconnected in one switch 
position. 


Latch-up 


We mentioned earlier that electric fields 
acting on unused inputs could potentially 
destroy chips by causing latch-up. Parasitic 
bipolar transistors present in ICs may form 
a silicon controlled rectifier (SCR)-like 
circuit, which, if triggered, may result in a 
short circuit between two parts of the chip 
structure. This condition is called ‘latch-up’ 
and can usually only be removed by power- 
cycling the chip. 
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Typically, the short is between the 
supplies and results in high current flow 
which may damage the device. Latch-up can 
be triggered in a number of ways, including 
input voltages going above the supply 
voltage — something which may happen 
to unconnected inputs in the presence of 
electric fields. 

The transistor level schematic of a basic 
CMOS inverter, or NOT gate, is shown 
in Fig.3. A simplified cross-section of the 
physical structure of this circuit, as it is 
implemented in silicon, is shown in Fig.4. 
It also shows the location of parasitic 
bipolar NPN and PNP transistors, which 
are inadvertently created as part of this 
structure. These transistors have a very low 
performance compared with deliberately 
fabricated devices, but they can still 
exhibit significant activity under certain 
conditions. 

Fig.5 shows the same chip structure, but this 
time overlaid with a circuit which is formed by 
the NPN and PNP transistors, together with the 


CIRCUIT SYMBOL 


Fig.3. Transistor level schematic and 
corresponding symbol for a CMOS in- 
verter (NOT gate) 


Fig.4. Simplified cross-section of a CMOS inverter showing 
two of the parasitic bipolar transistors present in the structure 


Fig.5. Simplified structure of a CMOS inverter showing the 
SCR-like latching circuit formed by the parasitic transistors 
and silicon substrate resistance 
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inherent resistance of the silicon in which the 
MOSFETs are formed. This circuit is redrawn 
in Fig.6. This is the standard transistor- 
equivalent circuit of an SCR (thyristor). If 
sufficient current flows through the silicon to 
start to turn on one of the transistors, then the 
parasitic SCR will latch on, causing a short 
between the supplies. 

With reference to Fig.6, if the current in 
the silicon starts to turn on transistor TR1, 
by causing sufficient voltage drop across 
R,, then the increasing collector current 
of TR1 provides a base current for TR2, 
turning it on too. In a similar manner the 
collector current of TR2 provides yet more 
base current for TR1, turning it on even 
more. This is a ‘positive feedback’ effect 
that quickly ensures that both parasitic 
transistors are on. 

Once this condition has been triggered 
it is self-sustaining, and the initial trigger 
current is no longer needed to maintain it. 
The SCR can only be turned off by reducing 
its total current to a very low level — so the 
chip has to be power-cycled to remove the 
latchup condition. 

Chip manufactures strive to make their 
chips resistance to latch-up, for example 
by including special structures in the 
silicon to reduce stray currents in the bulk 
silicon, or the amount of voltage drop they 
can cause. These efforts mean that chips 
should not normally latch-up when the 
device is used within specified operating 
conditions. However, unconnected inputs, 
may, under certain circumstances, take the 
device outside the conditions for which it 
is safe from latch-up. 


Unused op amps 

Dave asked specifically about unused 
op amps. It should now be clear that 
simply leaving any chip pin unconnected 
can potentially be problematical, or even 
disastrous. Of course, it is not always an 
issue — some inputs on some devices will 
be designed to be left unconnected without 
problems. For unused op amps, however, it 
is best not to leave their inputs unconnected 
(Fig.7a). Latch-up is a possibility; but even 
if this worst-case scenario does not occur, 
we still have high impedance inputs which 
can be strongly influenced by stray electric 
fields. 

If the unused inputs are affected by a DC 
electric field, the unused op amp is likely 
to saturate — that means its output will 


Rn 
TR2 


Fig.6. SCR-like circuit formed by the 
parasitic transistors in a CMOS inverter 


Fig.7. Various poor ways in which to connect an unused op amp 
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be driven hard to one of the supply rails. 
Remember that op amps have very high 
open loop gains, so it will only take a very 
small input voltage difference to drive the 
output to one of the supply rails. Op amps 
consume more power when saturated than 
in normal operation, so the unused device 
will increase the power consumption of the 
circuit without doing anything useful. 

Shorting the unused op amp’s inputs 
together (Fig.7b) might at first seem like a 
useful thing to do — this will ensure that the 
input difference voltage is zero. However, 
this does not prevent the op amp from 
saturating and consuming unnecessary 
power. The op amp’s internal offset voltage 
will be sufficient to saturate it, due to the 
high open loop gain. Connecting both inputs 
to the negative or positive rail via resistors 
(Fig.7d) will also result in offset-dependent 
saturation of the output. 

In all of the following cases: both inputs 
unconnected (Fig.7a), shorted floating 
inputs (Fig.7b), both inputs connected to 
the same supply rail (Fig.7c), both inputs 
connected via resistors to the same supply 
rails (Fig.7d); variation in the stray electric 
field (unconnected inputs) or in offset 
voltage (all cases) can cause the output 
to switch between positive and negative 
saturation. As well as consuming power, 
this will create noise which will be coupled 
by the op amps’ shared silicon substrate, or 
by the supply rails to the op amps which are 
actually being used. 

Connecting one input to one supply 
and the other to the other supply (Fig.7e 
and Fig.7f) will force the op amp into one 
saturation state and guarantee that it will 
not produce noisy switching. However, the 
power consumption will be high and the 
op amp is likely to be put under stress by 
the large input voltage difference. Some 
devices may even be damaged if the applied 
differential voltage is outside their operating 
range. 


SPLIT 
SUPPLY 


Vsg 


Fig.8. Various good ways in which to 
connect an unused op amp 


Given that the high gain is responsible for 
the op amp saturating and hence consuming 
unnecessary power, it follows that it is 
good practice to apply negative feedback 
to the unused device to reduce its gain. 
The simplest way to do this is to short the 
inverting input to the output, as would be 
done in a unity-gain buffer configuration. 


The question then arises as to what to do 
with the non-inverting input. If we connect 
to either of the supply rails (Fig.7h), either 
directly or via a resistor, then the unity gain 
buffer will amplify the rail voltage, giving 
the same rail voltage at the output. This 
situation might not be quite as bad as with 
the previous circuits, because the op amp 
may be driven less hard into saturation, 
but power consumption will still be 
unnecessarily high. 


Good practice 

The best solution is to connect the 
feedback and to hold the non-inverting 
input at half the supply voltage. This can 
be achieved by a pair of resistors in a single 
supply circuit (Fig.8a) Gf a half-supply 
reference point is not already available), or 
by connection to ground in a split supply 
circuit (Fig.8b). 

When making prototype or experimental 
printed circuit boards it is prudent to take 
account of the fact that a change of design, 
or a repair, may be facilitated by using the 
previously unused op amp. If the board 
is designed so that the feedback and half- 
supply-voltage connections of Fig.8a 
are made via wire links, for example as 
illustrated in Fig.8c, then the links can be 
removed if required to allow the op amp to 
be reconnected in any configuration. 

A number of semiconductor manu- 
facturers publish broadly similar advice 
on unused op amps. For example, see the 
following: 


¢ Maxim Integrated Products Application 
Note 1957 ‘Avoiding Noise and Power 
Problems with Unused Op Amps’, http:// 
pdfserv.maxim-ic.com/en/an/AN1957.pdf 


e Analog Devices ‘Rarely Asked Ques- 
tions’ article ‘What shall we do with an 
unused op-amp?’, http://www.analog. 
com/static/imported-files/rarely_asked_ 
questions/unused_op-Amp_article.html 
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INTERFACE 


By Robert Penfold 


An optical approach to simple interfacing 


ver the years, it seems to have become 

more and more difficult to interface 

simple projects to a computer. I sup- 
pose that this is partially due to the increas- 
ing sophistication of modern computers, but 
itis probably more a consequence of chang- 
es in the ways that computers are used. 

It would almost certainly be possible to 
produce modern PCs equipped with an up- 
dated version of a user port, so that there 
was an easy means of interfacing to the out- 
side world, but this type of thing is no longer 
a priority. Connectivity to the Internet and 
standard peripherals is of paramount impor- 
tance, and everything else has to be fitted in 
wherever and however it can. 


Sound advice 

I am not aware of any shortcuts that 
can be used to provide an easy means of 
reading data from user add-on devices. 
You either have to use an old PC that has 
a printer port, or take the USB route and 
accept the complications that this intro- 
duces. Matters are different if you only 
need a few output lines to control relays, 
lights, or whatever. 

There are two potential ways of provid- 
ing output lines without going through the 
usual channels. One of these is to use the 
sound port, and at its most basic level a sin- 
gle output line is provided. Bursts of tone 
are turned into pulses at normal logic levels 
by external hardware, and these can be used 
to provide sequential on/off switching of a 
peripheral device. 

More output lines can be produced by us- 
ing a different tone for each one, with the 
external hardware having suitable tone de- 
coder circuits. A simple analogue output can 
be obtained using a frequency-to-voltage 
converter circuit. 

Unfortunately, in practice, this approach 
does not work too well with a PC. Modern 
PCs actually have two sound generators, 
one of which is a very basic type that was 
part of the original PC specification. 

On most PCs this provides ‘beep’ sounds 
during the pre-booting checks, or if the 
hardware develops a fault. It is not actually 
connected to a loudspeaker or resonator on 
all modern PCs, but the audio output termi- 
nals are usually present on the motherboard. 
The other sound generator is the complex 
type that is used to provide the various Win- 
dows sound effects, playing various types of 
audio file. 

A PC certainly has potential for using the 
sound approach to basic interfacing. The 
main problem is that there seems to be little 
support for sound generators in the popu- 
lar PC programming languages. There is a 
beep() command in Visual BASIC that pro- 
vides a tone through the internal loudspeak- 
er, but there is little else on offer. 
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There is no equivalent to the sound com- 
mands that used to be a standard feature of 
home computers such as the BBC Model B, 
Commodore 64, and the rest. No doubt, it is 
possible to provide output ports via one or 
other of the sound generators, but it might 
actually be easier to use a basic USB inter- 
face. It is not something that will be pursued 
further here. 


+5 to 15VO 


they are very slow indeed by normal elec- 
tronic and computing standards. In theory, it 
might be possible for a sound-based system 
to change the state of a single output line 
more than a thousand times per second, but 
this might not be achieved in practice, and 
using tone decoding to provide several lines 
could slow things down still further. With an 
optical system, the refresh rate of the screen 


RLA To Power 
] Lead 


Fig.1. The circuit diagram for a simple relay driver that uses an optical interface. This 
circuit, like the one of Fig.2, is intended for operation with LCD monitors and is unsuit- 
able for use with CRT types 


Seeing the light 

The second approach is an optical one 
that uses the monitor as a means of con- 
trolling external devices. In its most simple 
form there is a single optical sensor that pro- 
vides one logic output level when it detects 
very dark conditions, and the opposite state 
when it detects relatively bright conditions. 
The sensor is aimed at part of the screen, 
and must be shielded from extraneous light 
sources. It is then possible to control the 
output level of the sensor by setting the rel- 
evant part of the screen as black or white. 

It 1s possible to extend this basic scheme 
of things to provide more outputs by simply 
adding more optical sensors and controlling 
them using more parts of the screen. It is also 
possible to have a large number of outputs 
using this system, but other methods would 
probably be more practical where anything 
more than a handful of outputs are required. 
The optical approach might be a valid one for 
something like an eight-bit output port, but 
would probably not be a worthwhile proposi- 
tion for anything more than that. 


Speed 

An obvious limitation with both the opti- 
cal and sound approaches to interfacing is 
that they are not particularly fast. In fact, 


is likely to be the limiting factor, and would 
provide a maximum rate of change of less 
than one hundred transitions per second. 

In practice, it is probably best to limit 
either method to applications where the 
outputs will change state infrequently, and 
reliability will not become an issue. While 
this precludes these systems from many ap- 
plications, they are still usable in many real- 
world applications where low-tech loads 
such as relays, motors, and lights will be 
controlled. They are also useful if you sim- 
ply require an easy means of experimenting 
with or demonstrating basic computer inter- 
facing. 


LCD interface 


The optical approach is the one that will 
be considered in more detail here, because it 
has the advantage of being able to provide 
several output lines using some extremely 
simple hardware, and the software side of 
things is relatively straightforward as well. 
It is a slightly cumbersome approach, in 
that arranging the optical interface is not 
as straightforward as simply plugging an 
interface into one of the computer’s ports. 
However, it is not that difficult either, and is 
a small price to pay for the stark simplicity 
of the system in other respects. 
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The original systems of this type were de- 
signed for use with monitors that used a CRT 
(cathode ray tube). There is a complication 
when using this type of monitor, which is that 
the picture is produced by a scanning system, 
and what appears to be a continuously light 
area of the screen is actually pulsing on and 
off. The scan rate is set high enough so that 
the user’s persistence of vision ‘irons out’ the 
pulses and gives what appears to be a con- 
tinuous and flicker-free display. 

CRT monitors are now largely obsolete, 
and most PCs have some form of flat panel 
LCD monitor. These work in a totally dif- 
ferent way that does not rely on scanning. 
The monitor, like the circuits that generate 
the video signal, operates in terms of pixels. 
If an area of the screen is set at a particular 
colour, then each pixel in the relevant part of 
the screen is set continuously at that colour, 
with no scanning and consequent pulsing 
being involved. Tests with a few LCD moni- 
tors confirmed that there were no pulses on 
the output signal from the optical sensor. 

This actually makes optical interfacing 
much easier, since there is no need to use 
a pulse detection circuit. A simple optical 
switch that detects whether the relevant sec- 
tion of the screen is light or dark is all that is 
needed. There is one slight drawback, which is 
that the system is more susceptible to changes 
in the ambient light level than one which de- 
tects pulses of light from the monitor. For the 
system to work reliably it is important that the 
optical detectors ‘look’ at the screen and are 
shielded from other light sources. 


Circuits 

Only minimal circuitry is needed to imple- 
ment a practical optical interface. The circuit 
of Fig.1 is for a relay driver that has transistor 
TR2 as a simple common-emitter switch that 
drives the relay coil. Diode D1 is the usual 
suppression diode that protects the semicon- 
ductors in the circuit from the high reverse 
voltage that would otherwise be produced 
across the relay coil each time it was turned 
off. TR1 is a phototransistor, and in this cir- 
cuit only the emitter and collector terminals 
are used. 

When TR1 is subjected to dark conditions it 
provides the very low leakage currents associ- 
ated with ordinary silicon transistors, and TR2 
is not biased into conduction. Much higher 
leakage currents are produced when TRI is 
aimed at a light area of the monitor, and TR1 
is then biased into conduction and the relay is 


activated. VRI is a preset 
sensitivity control, and trial 
and error is used to find a 
setting that produces reli- 
able operation of the circuit. 

TR1 can be practically 
any phototransistor for 
use with visible light, but 
should obviously not be an 
infrared type. Some pho- 
totransistors do not have a 
base leadout wire, but these 
are suitable for this circuit, 
as the base terminal is un- 
used. The specified device 
(SFH300-2) is a two-ter- 
minal type. It is best to use 
a device that has a built-in 
lens, as this gives good 
directional properties with- 
out having to resort to any 
additional measures, and 
it reduces or removes the 
need to shield the device 
from ambient light. 

The circuit of Fig.2 is 
for an optical interface that 
provides an output at stand- 
ard CMOS logic levels. As with the previous 
circuit, its operation relies on changes in the 
received light level causing changes in the 
leakage current of the phototransistor (TR1). 

The leakage current is very low with 
TRI subjected to dark conditions, and 
the input of Schmitt trigger IC1 is then 
taken high (logic 1) by RI and VRI. Un- 
der bright conditions the leakage current 
through TRI is high enough to pull the 
input of IC1 low (logic 0). VRI1 is a sensi- 
tivity control, and it is adjusted using trial 
and error to find a setting that gives reli- 
able operation. 

The transitions at the input of [C1 will be 
quite slow by the standards of logic circuits, 
and this signal will contain a certain amount 
of noise. However, the Schmitt trigger should 
give an output signal that is glitch-free and 
switches fast enough to ensure reliable op- 
eration from the subsequent circuitry. The 
74HC 14 device used for IC1 is actually a hex 
Schmitt trigger, and some or all of the other 
five triggers can be used in an interface that 
provides several output lines. It should be 
noted that there is an inversion through IC1, 
so its output goes high when TRI receives 
a high light level, and low when TRI is in 
darkness. 


TRI 


SFH300-2 


Fig.2. A simple optical interface that provides normal 
CMOS logic output levels. There are five more Schmitt 
triggers in the 74HC14 used for IC1, and these can be 
used in an interface that provides multiple output lines 


Software 

The software side of things presents no 
problems, and it is just a matter of using any 
suitable components set at appropriate sizes 
and positions on the screen. Graphics objects 
can be used if your Visual BASIC is equipped 
with the free Power Packs add-on, but it is oth- 
erwise just a matter of using something like a 
button or a label component, but with no text. 
The colour is controlled using the BackColor 
property, and it should be set to Color.White or 
Color.Black, as appropriate. 

With an interface of this type, it is impor- 
tant to bear in mind that LCD monitors do 
not have the practically bulletproof screens 
associated with CRT monitors. In fact, the 
average LCD monitor screen is quite delicate 
and easily damaged. 

Consequently, the optical interface should 
not be designed to actually fit onto the moni- 
tor. Instead it should be in the form of a free- 
standing box that is positioned in front of the 
monitor, with its sensors just in front of the 
relevant part of the screen, but not actually 
touching the screen. The obvious arrange- 
ment is to have the interface controlled via 
the bottom section of the screen, leaving the 
rest of the screen unobscured so that it can be 
used for normal purposes. 
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Readers’ Circuits 


IMOCHMIY UNUIMItCT 


Our regular round-up of readers’ own circuits 


WIN A PICO PC-BASED — 7 
OSCILLOSCOPE WORTH £799 a“ _ 


¢ 200Mrz Analogue Bandwidth Dual Channel storage Oscilloscope 

¢ Spectrum Analyser 

* Frequency Meter 

¢ Multimeter 

¢ USB Interface. 

i you have a-novel_circult Idea which would be of Use*to- other readers then a Pico 
Technology PC-based oscilloscope could be yours. 

Atter every 20 published IU circuits, Pico Technology will be awarding a Picoscope 3206 
digital-storage oscilloscope for the best IU-subpmission. In addition a PicoScope 2105 


AC-AC 
230V TO 12V 


Handheld ‘scope worth £199 will be presented to the runner up. 


ALL OP AMPS ARE LM741 


Fig.1.Circuit diagram for the Three-phase Voltage Source 


OR those studying power systems, 
FE: topic of three-phase circuit anal- 
ysis is essential. The easiest way 
to study some real-world examples (on a 
smaller scale than generated three-phase 
AC from the utility) could be to use a func- 
tion generator as the voltage source. 
However, that would be costly and/or 
take up a lot of space in your work area. The 
three-phase voltage source proposed here is 
cheap and can be fairly small. The principle 
is simple, use frequency-dependent voltage 
dividers to create a phase shift. 


In the circuit above (Fig.1), the capacitor 
reactances are given by: 


Z,=1/ j270fC 


Which at 50Hz mains frequency are 
given by: 


Z,= 1/5277 x (50 x 10 x 10°) = -318j 
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Using a 230V/12V AC wall wart for the 
original single phase you normally get from 
a mains outlet socket means that you end up 
with a single sinusoidal waveform (see Fig.2) 
with a peak voltage equal to 12 x V2 = 17V. 

To create the phase waveforms, use volt- 
age division in the phasor domain: 


V, = 17 x (-318j / (560 — 318})) = 8.4V 
Z-60° 
V, = 17 x (-1) x (560 / (560 + 560)) = 


8.5V Z 180° 
V, = 17 x (180 / (180 - 318))) = 8.4V 
260° 


The voltage followers isolate any load 
you might add. V, needs an inverting 
amplifier after the voltage follower so it 
will be the correct 120° away from the V, 
and V. waveforms (hence the *—1’ in the 
equation). 


I don’t have an oscilloscope, so to test, I did 
further voltage division using only resistors 
after points A, B and C to get the waves to 
about 1 V (peak), superimposed that onto 2.5V 
DC and fed them to an Arduino board’s ana- 
logue inputs. I then wrote an Arduino program 
to send the voltage values at the inputs to my 
laptop via the USB cable. 


INGENUITY 
UNLIMITED 


BE INTERACTIVE 


IU is your forum, where you 
can offer other readers the 
benefit of your Ingenuity. 

Share those ideas, earn some 
cash and possibly a prize. 
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ORIGINAL WAVEFORM FROM WALL WART 


KEEP YOUR MAGAZINES SAFE 
- RING US NOW! 


This ring binder uses a special 

system to allow the issues to be 

easily removed and re-inserted 

without any damage. A nylon 

strip slips over each issue and 

this passes over the four rings 

in the binder, thus holding the 
magazine in place. 

The binders are finished in hard- 
wearing royal blue PVC with the 
magazine logo in gold on the 

spine. They will keep your issues 

neat and tidy but allow you to 

remove them for use easily. 

The price is £7.95 plus £3.50 

post and packing. If you order 

more than one binder add £1 

postage for each binder after 

the initial £3.50 postage charge 
(overseas readers the postage is £6.00 
each to everywhere except Australia and 
Papua New Guinea which costs £10.50 each). 


Fig.2. Theoretical waveforms for circuit Fig. 1 Send your payment in £’s sterling cheque or PO (Overseas readers send £ 
sterling bank draft, or cheque drawn on a UK bank or pay by card), to: 


The waveforms were not quite as perfect looking as the theo- 


retical ones I have illustrated, but they were close. There were just Everyday Practical Electronics, Wimborne Publishing Ltd, 


some minor variations in peak voltage as can be expected. 113 Lynwood Drive, Merley, Wimborne, Dorset, BH21 1UU. 
Tel: 01202 880299. Fax: 01202 843233. 
Gord Duff, E-mail: editorial@epemag.wimborne.co.uk. 
(Victoria, BC, Canada) Web site: http://www.epemag.com 
: (Editorial nO - Canadian, Gord Gin reasonably based his We also accept card payments. Mastercard, Visa, or Maestro. Send your card number 
circuit on the local mains frequency of 60Hz. We have adapted it for and card valid from and expiry date plus Maestro Issue No. and the security code on 
the UK mains frequency of 50Hz. North American readers merely the back of the card with your order. 


need to swap the 560Q resistors for 4709, and the 180Q resistor 
for 1502 to get back to Gord’s original design.) 


023 8077 8165 sales@mcustore.com www.mcustore.com 


Full-featured microcontroller development boards for PIC, dsPIC, PIC24/dsPIC33, PIC32, AVR, 8051, ARM and PSoC 
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colour TFT display 


ae iy ie poe x. pe = tail a Lil is mo fe ye iti = aj cre he" 
Blue backlit character and graphic LCDs and touch-screens sold separately. SD cards not included. Includes 


Wide range of add-on boards — A/D and D/A, communications, data storage, displays, interfacing, prototyping, sensors and more 
MP3 RFid WiFi 


mye pe es peel a 


£21.95 , £17.95 


SD card not included. - 0) Telit GM862 modem sold sgParately. 


MCU Store, Unit 313A Solent Business Centre, Millbrook Road West, Southampton SO15 OHW | Tel: 023 8077 8165 | Email: sales@mcustore.com 
Full product information, prices and secure on-line ordering at www.mcustore.com. Major credit and debit cards accepted. Prices exclude delivery and VAT. 
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EPE |S PLEASED TO BE ABLE TO OFFER YOU THESE 


J-LOWCODE 


Flowcode 4 is one of the World’s most advanced graphical 
programming languages for microcontrollers. The great advantage 
of Flowcode is that it allows those with little experience to create 
complex electronic systems in minutes. 


Flowcode’s graphical development interface allows engineers to 
construct a complete electronic system on-screen, develop a 
program based on standard flow charts, simulate the system 
and then produce hex code for PlCmicro® microcontrollers, 
AVR microcontrollers, ARM microcontrollers, dsPIC and PIC24 
microcontrollers. 
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aa FLOWCODE sg FLOWCODE- = 
_”™ for PiGmicro _ for ARM = 


fA T AIX | rt 
Fiow Kit 


od FLOWCODE 
a “tor dePIC « PICe4” 


FlowKit 


The FlowKit can be connected 
to hardware systems to provide 
a real time debug facility where 
it is possible to step through the 
Flowcode program on the PC 


P RI ES | | and step through the program in 


the hardware at the same time. 


Prices for each of the CD-ROMs above are: (Order form on third page) The FlowKit can be connected 


to your own hardware to 
(UK-and EU customers. —Hobbyist/Student: 3.2. 2/323 cose sca eee esi ee £45.95 inc VAT provide In-Circuit Debug to 


add VAT to ‘plus VAT” Professional (Schools/HE/FE/Industry)............ £149 plus VAT your finished designs. 
prices) Professional and Flowkit bundle ................. £175 plus VAT 
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PiCmicro TUTORIALS AND PROGRAMMING 


VERSION 3 PiCmicro MCU 
development board 


Suitable for use with the three software packages 


listed below. 


This flexible development board allows students to learn both 
how to program PlCmicro microcontrollers as well as program 
a range of 8, 18, 28 and 40-pin devices from the 12, 16 and 
18 series PlCmicro ranges. For experienced programmers 
all programming software is included in the PPP utility that 
comes with the development board. For those who want to 
learn, choose one or all of the packages below to use with the 


Development Board. 


e Makes it easier to develop PlCmicro projects 

e@ Supports low cost Flash-programmable PlCmicro devices 

e Fully featured integrated displays — 16 individual LEDs, quad 
7-segment display and alphanumeric LCD display 


HARDWARE 


e Supports PlICmicro microcontrollers with A/D converters 


e Fully protected expansion bus for project work 


e USB programmable 


e Can be powered by USB (no power supply required) 


ASSEMBLY FOR PiCmicro 
V3 


(Formerly PiCtutor) 

Assembly for PliCmicro microcontrollers V3.0 
(previously known as PlCtutor) by John Becker 
contains a complete course in programming the 
PIC16F84 PlCmicro microcontroller from Arizona 
Microchip. It starts with fundamental concepts 
and extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 

The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PICmicro microcontroller, this 
is a simulation tool that allows users to write and 
execute MPASM assembler code for the PIC16F84 
microcontroller on-screen. Using this you can 
actually see what happens inside the PlCmicro 
MCU as each instruction is executed, which 
enhances understanding. 

@ Comprehensive instruction through 45 tutorial 
sections @ Includes Viab, a Virtual PlCmicro 
microcontroller: a fully functioning simulator @ 
Tests, exercises and projects covering a wide 
range of PlCmicro MCU applications @ Includes 
MPLAB assembler @ Visual representation of a 
PlCmicro showing architecture and functions @ 
Expert system for code entry helps first time users 
@ Shows data flow and fetch execute cycle and has 
challenges (washing machine, lift, crossroads etc.) 
@ Imports MPASM files. 


PRICES 


Prices for each of the CD-ROMs above are: 
(Order form on next page) 


(UK and EU customers add VAT to ‘plus VAT’ prices) 
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£161 including VAT and postage, supplied 


SOFTWARE 


‘C’ FOR 16 Series PiCmicro 


Version 4 

The C for PlCmicro microcontrollers CD-ROM is 
designed for students and professionals who need 
to learn how to program embedded microcontrollers 
in C. The CD-ROM contains a course as well as all 
the software tools needed to create Hex code for a 
wide range of PlCmicro devices — including a full 
C compiler for a wide range of PICmicro devices. 

Although the course focuses on the use of the 
PlCmicro microcontrollers, this CD-ROM will 
provide a good grounding in C programming for 
any microcontroller. 

@ Complete course in C as well as C 
programming for PlCmicro microcontrollers @ 
Highly interactive course @ Virtual C PlCmicro 
improves understanding @ Includes a C compiler 
for a wide range of PlCmicro devices @ Includes 
full Integrated Development Environment © 
Includes MPLAB software @ Compatible with most 
PiCmicro programmers @ Includes a compiler for 
all the PlICmicro devices. 


. 
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Minimum system requirements for these 


items: Pentium PC running, 2000, ME, 
XP; CD-ROM drive; 64MB RAM; 10MB 
hard disk space. 
Flowcode will run on XP or later 
operating systems 


with USB cable and programming software 


FLOWCODE FOR PiCmicro 
V4 


Flowcode is a very high level language programming 
system based on flowcharts. Flowcode allows you to 
design and simulate complex systems in a matter of 
minutes. A powerful language that uses macros to 
facilitate the control of devices like 7-segment displays, 
motor controllers and LCDs. The use of macros allows 
you to control these devices without getting bogged 
down in understanding the programming. When used 
in conjunction with the Version 3 development board 
this provides a seamless solution that allows you to 
program chips in minutes. 

@ Requires no programming experience 

@ Allows complex PliCmicro applications to be 

designed quickly 

@ Uses international standard flow chart symbols 

@ Full on-screen simulation allows debugging and 

speeds up the development process. 

@ Facilitates learning via a_ full suite of 

demonstration tutorials 

@ Produces ASM code for a range of 18, 28 and 

40-pin devices 

@ 16-bit arithmetic strings and string manipulation 

@ Pulse width modulation 

@ |[2C. 

New features of Version 4 include panel 
creator, in circuit debug, virtual networks, C code 
customisation, floating point and new components. 
The Hobbyist/Student version is limited to 4K of 
code (8K on 18F devices) 


aS@REC CCF eee olf 
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HObbDYVISUStUGENEs see nt ea ete eines ee nee £45.95 inc VAT 
Professional (Schools/HE/FE/Industry)............ £149 plus VAT 
Professional 10 user (Network Licence) ........... £350 plus VAT 
SITEIEICENCE Soe erase eno ee acres teres £699 plus VAT 
Flowcode Professional (Schools/HE/FE/Industry) ...£149 plus VAT 
Flowcode 10 user (Network Licence).............. £399 plus VAT 
Flowcode Site Licence ..........00eeeee eee n eee £799 plus VAT 
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CIRCUIT WIZARD 


Circuit Wizard is a revolutionary new software system that 
combines circuit design, PCB design, simulation and CAD/ 
CAM manufacture in one complete package. Two versions are 
available, Standard — which is on special offer from EPE — 


and Professional. 


By integrating the entire design process, Circuit Wizard provides you with all the tools necessary to 
produce an electronics project from start to finish — even including on-screen testing of the PCB prior 
to construction! 


* Circuit diagram design with component library (65600 components 
Standard, 1500 components Professional) 


* Virtual instruments (4 Standard, 7 Professional) 
* On-screen animation 

* Interactive circuit diagram simulation 
* True analogue/adigital simulation 

* Simulation of component destruction 
* PCB Layout 

* Interactive PCB layout simulation 

* Automatic PCB routing 

* Gerber export 

* Multi-level zoom (25% to 1000%) 

* Multiple undo and redo 

* Copy and paste to other software 

* Multiple document support 
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Special EPE Offer - Standard version only. 


EPE is offering readers a 10% discount on Cicuit Wizard Standard software if 
purchased before Jan 31, 2011. This is the software used in our Teach-In 2011 series. 
Standard (EPE Special Offer) £59-99 £55.00 inc. VAT 
Professional £91.90 inc. VAT 


Special EPE Offer ends Jan 31, 2011 


Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk 
space. Windows 2000/ME/XP, mouse, sound card, web browser. 


DIGITAL WORKS 
3.0 


Counter project 


Digital Works Version 3.0 is a graphical 
design tool that enables you to construct 
digital logic circuits and analyze their 
behaviour. It is so simple to use that it will 
take you less than 10 minutes to make your 
first digital design. It is so powerful that you 
will never outgrow its capability @ Software 
for simulating digital logic circuits @ Create 
your own macros — highly scalable @ Create 
your own circuits, components, and i.c.s @ 
Easy-to-use digital interface @ Animation 
brings circuits to life @ Vast library of logic 
macros and 74 series i.c.s with data sheets 
@ Powerful tool for designing and learning. 


Hobbyist/Student £45.95 inc. VAT. 
Professional £99 plus VAT. 
Professional 10 user £249 plus VAT. 
Site Licence £599 plus VAT. 


ELECTRONIC 
COMPONENTS PHOTOS 


A high quality 
selection of over 
200 jpg images |} 
of electronic 
components. This 
selection of high 
resolution photos 
can be used to } 
enhance _ projects 
and presentations or to help with training and 
educational material. They are royalty free 
for use in commercial or personal printed 
projects, and can also be used royalty free 
in books, catalogues, magazine articles as 
well as worldwide web pages (subject to 
restrictions — see licence for full details). 
Now contains Irfan View image software for 
Windows, with quick-start notes included. 


Price £19.95 inc. VAT 


Please send me: CD-ROM ORDER FORM 


L] Assembly for PlCmicro V3 Version required: 

LJ ‘C’ for 16 Series PlCmicro V4 L) Hobbyist/Student 

LJ Flowcode for PlCmicro L] Professional 

L] Flowcode for AVR L] Professional 10 user 
L] Flowcode for ARM L] Professional + Flowkit 
L] Flowcode for dsPIC & PIC24 LI Site licence 

L] Digital Works 3.0 


Note: The software on each version is the same, only the licence for use varies. 


L] Circuit Wizard — Standard 

L] Circuit Wizard — Professional 

L] Electronic Components Photos 

L] Project Design — Single User 

L] Project Design — Multiple User (under 500 students) 
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ORDERING 
ALL PRICES INCLUDE UK 
POSTAGE 


Student/Single User/Standard/Hobbyist 
Version price includes postage to most 
countries in the world 
EU residents outside the UK add £5 for airmail 
postage per order 
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Surfing The Internet 


Alan Winstanley 


Web shortcuts 


It’s early December as I write, a month that saw blizzards arrive in the 
UK, both of the wintry variety and also the storm of email offers from 
suppliers all touting for Christmas trade. After “Black Friday’ (the Friday 
after US Thanksgiving Day) came ‘Cyber Monday’ which was one of 
the peak times for cyber-shoppers to hit the electronic shopping malls. 

It’s easy to compare prices by shopping around online, keeping mul- 
tiple browser tabs open to view websites side by side. Internet Explorer has 
some useful keystrokes that speed up your surfing (Firefox differs slightly): 


e CTRL + O opens an address bar, to type a URL, which will then 
overwrite your currently open tab 

e CTRL + T opens a new tab 

¢e CTRL + K duplicates an already open tab 

¢e CTRL + N opens a window 

¢ CTRL + W closes a window. 


Online shopping is second nature for many, and customer expecta- 
tions have risen too, but there will inevitably be disappointments caused 
by Christmas stock shortages and late or lost deliveries hindered by poor 
weather. Buying online is not without its hassles — one website today failed 
to recognise my password, and the ‘Forgotten Your Password’ link didn’t 
yield results until it was too late: my shopping cart then emptied itself and 
[ had to start all over again in a frustrating process that took 45 minutes. 

If you struggle to remember passwords (I have over 400!), Roboform 
(www.roboform.com) is my favourite program that stores “passcards’ 
(usernames and password combinations) securely on your PC and au- 
tomatically fills in the form. I also use Roboform-2-Go on a biometric 
USB thumbdrive, secured by its built-in fingerprint scanner, which I take 
around with my laptop. 

A successful buyer gets a good feel for products and prices so that they 
can bag a bargain if they see one. A good example is a recent purchase of 
a set of Philips LED Luxeon daytime running lights (drls) for my car, an 
excellent safety accessory when driving around my local country lanes, 
and legally required on all new UK cars from early 2011. Shopping around 
online, the general price seemed to be about £120 or so, but eurocarparts. 
co.uk was spotted selling at £79 including delivery, so I rapidly placed an 
order before they changed their mind! To their credit, the product arrived 
promptly and sure enough, the online 
price then rose to £99. 

In the UK, vendors can decline an or- 
der until they confirm it by despatching 
the goods, which is why an acknowl- 
edgement email does not necessarily 
constitute a contractual acceptance. The 
UK catalogue retailer Argos famously 
listed on their website a £349.99 T'V for [Rs auGR sess lei 
just 49p, but was able to refuse orders 
from wishful-thinking customers en- 
tirely due to their contractual small print. 
(See: www.out-law.com/page-6079). 


Roborormn 


Put Your Passwords | 
On Speed Dial! 


» No more passwords to remember 


| Log into websites automatically 


All Tour Legind im Oe Plate Fill forms with a Songle Chek 


Just too much 
information 


Google recently submitted a 
patent application System For Auto- 
matically Integrating A Digital Map 
System (www.freepatentsonline.com/ 


ir awa 
ord ercunch 


. wands ‘auc Manager F esl 
ry 1 dara Siena ary wee Per 
1 r Ain mere etediesd Pyeng 
7 Le 
@el ' 


filling manager 


d2 


as o 


Roboform is a recommended secure password and form- 


y2010/0251088.html) which relates to generating hyperlinks in web pag- 
es pointing to what it calls a ‘location depiction’ — do they mean a map? 
Google has filed similarly-titled patents over the years. Reading through 
the rubric, the technology involves detecting (say) a postcode or part of an 
address (Street, Drive, Ave.) in a website and trying to create a hyperlink 
that launches an online map. Google already claims patents on systems 
using optical character recognition (OCR) that can ‘read’ a text document 
and derive location data from the source. 

This new patent suggests that Google could parse web pages searching 
for a code that resembles an address, and automatically add hyperlinks to 
Google Maps and perhaps by extension, to Google Street View as well: 
so you’d maybe get to see a photo of the place as well. Google’s data 
processing prowess has a track record of laying bare this type of infor- 
mation whether or not we want it or need it. Google Street View brought 
home the uneasy experience of a camera nosing into every corner of 
our streets and villages and, to some, generally invading one’s privacy. 
Google’s endeavours are sometimes clumsy, intrusive and ill-considered, 
as the furore surrounding the privacy intrusion caused by Google Buzz 
highlighted at the time (see: http://news.bbc.co.uk/1/hi/8517613.stm). 


Wiked 


The biggest story on the ‘net for years, though, is the embarrassment 
of secret US diplomatic cables being released through the WikiLeaks 
website at the end of last year. The ramifications of this diplomatic di- 
saster are already being felt. Publishing the WikiLeaks material online 
effectively released a genie from a bottle, and while efforts were made to 
derail WikiLeaks’ DNS to make it unreachable except through their IP 
address (which a Google search can soon reveal), it is generally straight- 
forward enough to migrate to another server in an entirely different coun- 
try and carry on. WikiLeaks claims that its contents have been mirrored 
on over 1000 websites scattered around the world, which will be impos- 
sible to close down, so an unwinnable game of cat and mouse has started. 

As I write, the WikiLeaks problem is playing out at almost lightning 
speed: if not all-out cyber war, then certainly a tit-for-tat cyber-skirmish 
is unfolding. Having cut off some of the funding to WikiLeaks, Mas- 
tercard’s network was dealt a Distributed Denial of Service (DDoS) re- 
venge attack from a small group of WikiLeaks sympathisers; the online 
credit card processor Secure Trading 
stated that Mastercard SecureCode 
was currently down, which could dis- 
rupt website shopping carts. 

Subsequently, Secure ‘Trading’s 
blog highlighted problems with Veri- 
fied by VISA transactions, and Pay- 
Pal has pulled the plug on WikiLeaks 


ico oe 


a donations — predictably, a DDoS at- 
Teer, tempt at PayPal’s blog ensued. Vari- 
igen) 


ous ISPs, lawyers and others who 
have been countering the WikiLeaks 
a threat have also been attacked. It 
looks like the Internet is starting to 
spiral out of control. 

You can contact the author at 
alan @epemag.demon.co.uk or 
write to the editor at editorial@ 
wimborne.co.uk. Why not join our 
forum at www.chatzones.co.uk and 
meet like-minded fellow electronics 
enthusiasts in our messageboard. 
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BANDWIDTH 
20 MHz to 12 GHz 


SHERWOOD ELECTRONICS 


Buy 10 x £1 Special Packs and choose another one FREE 


15 x 5mm Red Leds SP131 
12 x 5mm Green Leds SP133 
12 x 5mm Yellow Leds SP134 
20 x5mm 1 part Led clips SP135 
15 x 3mm Red Leds SP136 
12 x 3mm Green Leds SP137 
10 x 3mm Yellow Leds SP138 
20 x 3mm 1 part Led clips SP142 
100 x 1N4148 diodes SP143 Pairs min. croc.clips (Red+Blk) 

x 1N4001 diodes SP144 Pairs min. croc. clips (assorted 

x 1N4002 diodes colours) 

x BC182B transistors SP146 x 2N3704 transistors 

x BC184B transistors SP151 x 8mm Red Leds 

x BC549B transistors Ssri52 x 8mm Green Leds 

x Cmos 4001 SP153 x 8mm Yellow Leds 

x 555 timers SP154 x BC548B transistors 

x 741 Op-amps SP160 x 2N3904 transistors 

x Cmos 4011 SP161 x 2N3906 transistors 

x Cmos 4013 SP164 x C106D thyristors 

x Cmos 4081 SP165 x LF351 Op-amps 

x 1N914 diodes SP166 x 1N4003 diodes 

x 10/25V radial elect caps SP167 x BC107 transistors 

x 100/35V radial elect caps SP168 x BC108 transistors 

x 47/25V radial elect caps SP172 x Standard slide switches 

x 470/16V radial elect caps SPifs xX 220/25V radial elect caps 

x BC237 transistors SP174 x 22/25V radial elect caps 

x Mixed transistors SP175 x 1/63V radial elect caps 
200 x Mixed 0.25W CF resistors SP177 x 1A 20mm quick blow fuses 

x Min. PB switches SP178 x 2A 20mm quick blow fuses 

x 4 metres stranded core wire SP181 x Phono plugs — assorted 

x 8 pin DIL sockets colours 

x 14 pin DIL sockets SP182 x 4.7/63V radial elect caps 

x 16 pin DIL sockets SP183 x BC547B transistors 

x BC557B transistors SP186 x 1M horizontal trimpots 

x Cmos 4093 SP189 Xx . metres solid core wire 

x 10mm Red Leds SP192 x Cmos 4066 ; 

x 10mm Green Leds SP195 x 10mm Yellow Leds Latest Software Updates: I*C & CAN bus decoding, 

x Cmos 4047 SP197 x 20 pin DIL sockets 
20 x Assorted ceramic disc caps SP198 x 24 pin DIL sockets ak " ‘ 
100 x Mixed 0.5W CF resistors.  SP199 x 2.5mm mono jack plugs mask limit testin g, advanced tri ggers, 


SP200 x 2.5mm mono jack sockets 
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x 1N4004 diodes 
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RESOLUTION 
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PRICES 
£125 to £6995 


digital low pass filtering, rapid triggering 


Catalogue available £1 inc. P&P 
or FREE with first order. 


RESISTOR PACKS — GFilm P&P £2.25 per order. NO ME 
Cheques and Postal Orders to: 
5 each value - total 365 - 0.25W : - 
10 each value - total 730 - 0.25W £4. Sherwood Electronics, 
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10 each value - total 610 - 0.5W MANSFIELD, NOTTS. 
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Email: editorial@wimborne.co.uk 
Matt Pulzer addresses some of the 
general points readers have raised. 
Have you anything interesting to say? 
Drop us a line! 


All letters quoted here have previously been replied to directly 
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Mic mod 


Dear Editor 

Thank you for another excellent issue of 
EPE magazine. I am an online customer 
from India writing to say I enjoyed studying 
John Clarke’s project Microphone 
Preamplifier for PCs and MP3. 

While the purpose of this project 
is a mic. preamplifier, where 
noise elimination is of paramount 
importance, I felt that deriving power 
from the voltage converter MAX232 
could well be avoided. Perhaps 
a 9V or 12V supply with LDO 
regulator could have better served 
the project’s needs. Even with the 
present design, the diode and resistor 
(D1 and R1) could well be avoided, 
judiciously using the break contact 
of the DC jack. Of course, the power 


The PIC question 


Dear Editor 

More or fewer PICs? — surely the type of 
device should dictate the use or otherwise of 
a PIC over standard hard-wired components. 
On the one hand, a PIC should not be used as a 
device seeking a solution, on the other hand it 
is made to order for certain applications. 

From my point of view as an electronics 
hobbyist, I tend to avoid PIC projects, mainly 
because of the hassles of programming (I have 
gone through the process), but it is the way 
forward and must be promoted. 

Perhaps a compromise can be struck. Where 
appropriate, expand the PIC article with a non- 
PIC alternative. This will have the added ben- 
efit of illustrating the benefits of PICs. 


L van der Merwe, by email 
Pretoria, South Africa 


Good points! I wish we had the space and 
resources to produce alternative versions of 
projects, but sadly additional projects are al- 
ways going to take priority. 


Praise for our ‘Basic Soldering Guide’ 


Dear Editor 

I just browsed through your EPE Basic 
Soldering Guide on line. Then I went back 
and read it again, word for word. I have 
been a radio ‘ham’ for almost 49 years and 
built a few Knight kits as a pre-teenager a 
few years prior to passing my novice test in 
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connections would interchange. A copy of 
my suggested modification is attached. I hope 
to see many more nice designs from your 
prestigious magazine. 


RMVS Sarma, by email,India 


Thank you very much for your suggestion. 
There is, of course, ‘more than one way to 
skin an electronic cat’ and part of the fun of 
electronics is modifying an existing design and 
choosing one’s own best route to a successful 
circuit. 
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1962. Since then, I have built amateur radio 
kits (Knight Kit, Heathkit, Elecrafters) 
as well as making homebrew equipment 
throughout my amateur radio career. 

I must say that your Basic Soldering Guide 
is, IN my opinion, the most comprehensive, 
clearly written and easy-to-understand article 
on soldering techniques that I have ever read. 
You make your points simply and effectively, 
and your accompanying photo examples are 
spot on! 

Congratulations on a great presentation. It 
should be required reading for every ham and 
electronics experimenter. 


Terry Schieler (WOFM), by email 
Vice President, WirelessUSA 


Your email is much appreciated Terry. I 
certainly agree, the author, Alan Winstanley 
has produced a very good guide, which benefits 
from many years of hands-on experience and 
feedback from EPE readers. Just like our 
Teach-In series, I recommend it to all readers, 
novices and old hands alike. 


Problems logging into Chatzone 


Dear Editor 

For some reason my _ password has 
stopped working on my computer. I tried to 
reset it twice, but with no success, could you 
please reset my account and forward me a 
new password. 


Mike Moore, via Chatzone 


—ocactibih hia peretemneed a OW thabteny 
ail an LO regulater 


Mod Suggested 


Alan Winstanley replies 

I have reset your password... Some small 
anomalies are being noted by some users, which 
suggests web browser security updates or simi- 
lar, as the forum software passed all diagnostics 
and it has not been updated by me. (I have also 
noted that I have to re-log in periodically.) 

I have asked the ISP tech support for any 
ideas and I will keep looking into it over the 
next few days. 

One important point is that if you log in at 
the top left, even though the boxes immediately 
blank out, this is not a rejection of your login, 
otherwise you would see an error. It’s counter- 
intuitive I know, but to post a message or edit 
your profile you have to enter your login de- 
tails (again). 

You should be able to go straight to a 
thread and post a message, or edit your pro- 
file, both after entering your login details 
again this way. 

I would say the login dialogue at the top 
left is semi-redundant for routine users, ex- 
cept that without logging in there you cannot 
view the member list. 

The main thing Id say is that although the 
board is quite clunky, it does what it does and 
has been totally robust compared to some 
popular ones, especially, for example, phpBB, 
which has been hacked no end of times. I 
haven't ruled out upgrading the site, but these 
things take up an awful lot of quality time, so 
it’s just on the ‘wish list’ for now. 

Readers can contact Alan directly by email 
at: alan@epemag.demon.co.uk 
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Electronics Teach-in 3 


The three sections of this book 


FREE 


cover a very wide range of subjects 
that will interest everyone involved 
in electronics, from hobbyists and 
students to professionals. The first 80- 
odd pages of Teach-In 3 are dedicated 
to Circuit Surgery, the regular EPE clinic dealing with readers 
queries on various circuit design and application problems 
— everything from voltage regulation to using SPICE circuit 
simulation software. 

The second section — Practically Speaking — covers the 
practical aspects of electronics construction. Again, a whole 
range of subjects, from soldering to avoiding problems with 
static electricity and indentifying components, are covered. 

Finally, our collection of Ingenuity Unlimited circuits provides 
over 40 different circuit designs submitted by the readers of 
EPE. 

The free cover-mounted CD-ROM is the complete 
Electronics Teach-In 1 book, which provides a broad-based 
introduction to electronics in PDF form, plus interactive quizzes 
to test your knowledge, TINA circuit simulation software (a 
limited version — plus a specially written TINA Tutorial), together 
with simulations of the circuits in the Teach-In 1 series, plus 
Flowcode (a limited version) a high level programming system 
for PIC microcontrollers based on flowcharts. 

The Teach-In 1 series covers everything from Electric Current 
through to Microprocessors and Microcontrollers and each part 
includes demonstration circuits to build on breadboards or to 
simulate on your PC. There is also a MW/LW Radio project in 
the series. 

The contents of the book and Free CD-ROM have been 
reprinted from past issues of EPE. 


CD-ROM Order code ETI3 £8.50 


CD-ROM 


A BEGINNER’S GUIDE TO TTL DIGITAL ICs 

R. A. Penfold 

This book first covers the basics of simple logic circuits 
in general, and then progresses to specific TTL logic 
integrated circuits. The devices covered include gates, 
oscillators, timers, flip/flops, dividers, and decoder circuits. 
Some practical circuits are used to illustrate the use of TTL 
devices in the “real world”. 


Order code BP332 £5.45 


PRACTICAL ELECTRONICS CALCULATIONS 
AND FORMULAE 
F. A. Wilson, C.G.LA., C.Eng., F.L.E.E., F.1.E.R.E., F.B.1.M. 
Bridges the gap between complicated technical theory, and 
“cut-and-tried” methods which may bring success in design 
but leave the experimenter unfulfilled. A strong practical 
bias — tedious and higher mathematics have been avoided 
where possible and many tables have been included. 

The book is divided into six basic sections: Units and 
Constants, Direct-Current Circuits, Passive Components, 
Alternating-Current Circuits, Networks and Theorems, 


Measurements. 
Order code BP53 £5.49 


MICROCONTROLLER COOKBOOK 

Mike James 

The practical solutions to real problems shown in this 
cookbook provide the basis to make PIC and 8051 devices 
really work. Capabilities of the variants are examined, and 
ways to enhance these are shown. A survey of common 
interface devices, and a description of programming 
models, lead on to a section on development techniques. 
The cookbook offers an introduction that will allow any user, 
novice or experienced, to make the most of microcontrollers. 


Order code NE26 £36.99 


142 pages 


256 pages 


240 pages 


COMPUTING AND ROBOTICS 


WINDOWS XP EXPLAINED 
N. Kantaris and P. R. M. Oliver 

If you want to know what to do next when confronted with 

Microsoft's Windows XP screen, then this book is for you. It 
applies to both the Professional and home editions. 
The book was written with the non-expert, busy person in 
mind. it explains what hardware requirements you need 
in order to run Windows XP successfully, and gives an 
overview of the Windows XP environment. 

The book explains: How to manipulate Windows, and 
how to use the Control Panel to add or change your printer, 
and control your display; How to control information using 
WordPad, notepad and paint, and how to use the Clipboard 
facility to transfer information between Windows applications; 
How to be in control of your filing system using Windows 
Explorer and My Computer; How to control printers, fonts, 
characters, multimedia and images, and how to add hardware 
and software to your system; How to configure your system to 
communicate with the outside world, and use Outlook Express 
for all your email requirements; how to use the Windows Media 
Player 8 to play your CDs, burn CDs with your favourite tracks, 
use the Radio Tuner, transfer your videos to your PC, and how 
to use the Sound Recorder and Movie Maker; How to use the 
System Tools to restore your system to a previously working 
state, using Microsoft's Website to update your Windows set- 
up, how to clean up, defragment and scan your hard disk, and 
how to backup and restore your data; How to successfully 
transfer text from those old but cherished MS-DOS programs. 


Order code BP514 £7.99 


INTRODUCING ROBOTICS WITH LEGO 
MINDSTORMS 
Robert Penfold 
Shows the reader how to build a variety of increasingly 
sophisticated computer controlled robots using the brilliant Lego 
Mindstorms Robotic Invention System (RIS). Initially covers 
fundamental building techniques and mechanics needed to 
construct strong and efficient robots using the various “click- 
together’ components supplied in the basic RIS kit. explains in 
simple terms how the “brain” of the robot may be programmed 
on screen using a PC and “zapped” to the robot over an infra- 
red link. Also, shows how a more sophisticated Windows 
programming language such as Visual BASIC may be used to 
control the robots. 

Detailed building and programming instructions provided, 
including numerous step-by-step photographs. 


288 pages + Large Format Qelgel\aefele(-M=)elthig =86£14.99 


MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold 

Shows the reader how to 
extendthe capabilities ofthe 
brilliant Lego Mindstorms 
Robotic Invention System 
(RIS) by using lego’s own 
accessories and some simple home constructed units. You 
will be able to build robots that can provide you with ‘waiter 
service’ when you clap your hands, perform tricks, ‘see’ and 


264 pages 


avoid objects by using ‘bats radar, or accurately follow a line 
marked on the floor. Learn to use additional types of sensors 
including rotation, light, temperature, sound and ultrasonic and 
also explore the possibilities provided by using an additional 
(third) motor. For the less experienced, RCX code programs 
accompany most of the featured robots. However, the more 
adventurous reader is also shown how to write programs 
using Microsoft's VisualBASIC running with the ActiveX control 
(Spirit.OCX) that is provided with the RIS kit. 

Detailed building instructions are provided for the featured 
robots, including numerous step-by-step photographs. The 
designs include rover vehicles, a virtual pet, a robot arm, an 
‘intelligent’ sweet dispenser and a colour conscious robot 
that will try to grab objects of a specific colour. 


Order code BP902 £14.99 


THE PIC MICROCONTROLLER 

YOUR PERSONAL INTRODUCTORY COURSE 

- THIRD EDITION John Morton 

Discover the potential of the PIC microcontroller through 
graded projects — this book could revolutionise your 
electronics construction work! 

A uniquely concise and practical guide to getting up and 
running with the PIC Microcontroller. The PIC is one of the 
most popular of the microcontrollers that are transforming 
electronic project work and product design. 

Assuming no prior knowledge of microcontrollers and 
introducing the PICs capabilities through simple projects, 
this book is ideal for use in schools and colleges. It is the 
ideal introduction for students, teachers, technicians and 
electronics enthusiasts. The step-by-step explanations 
make it ideal for self-study too: this is not a reference book 
— you start work with the PIC straight away. 

The revised third edition covers the popular 
reprogrammable Flash PICs: 16F54/16F84 as well as the 
12F508 and 12F675. 


270 pages Order code NE36 £25.00 


INTRODUCTION TO MICROPROCESSORS AND 
MICROCONTROLLERS - SECOND EDITION 
John Crisp 
If you are, or soon will be, involved in the use of microprocessors 
and microcontrollers, this practical introduction is essential 
reading. This book provides a thoroughly readable introduction 
to microprocessors and micrcontrollers. Assuming no previous 
knowledge of the subject, nor a technical or mathematical 
background. It is suitable for students, technicians, engineers 
and hobbyists, and covers the full range of modern micros. 
After a thorough introduction to the subject, ideas are 
developed progressively in a well-structured format. All 
technical terms are carefully introduced and subjects which 
have proved difficult, for example 2’s complement, are 
clearly explained. John Crisp covers the complete range of 
microprocessors from the popular 4-bit and 8-bit designs to 
today’s super-fast 32-bit and 64-bit versions that power PCs 
and engine management systems etc. 


Order code NE31 £29.99 


298 pages 


222 pages 
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DIRECT BOOK SERVICE 


CIRCUITS AND DESIGN 


The books listed have been 
selected by Everyday Practical 
Electronics editorial staff as 
being of special interest to 
everyone involved in electronics 
and computing. They are 
supplied by mail order direct to 
your door. Full ordering details 
are given on the last book page. 


FOR A FURTHER SELECTION 
OF BOOKS AND CDROMS 
SEE THE UK SHOP ON OUR 
WEBSITE 


wwWwW.epemag.com 


All prices include UK 
postage 


EASY PC CASE MODDING 

R.A Penfold 

Why not turn that anonymous grey tower, that is the heart of 
your computer system, into a source of visual wonderment and 
fascination. To start, you need to change the case or some case 
panels for ones that are transparent. This will then allow the inside 
of your computer and it’s working parts to be clearly visible. 

There are now numerous accessories that are relatively 
inexpensive and freely available, for those wishing to 
customise their PC with added colour and light. Cables and 
fans can be made to glow, interior lights can be added, and it 
can all be seen to good effect through the transparent case. 
Exterior lighting and many other attractive accessories may 
also be fitted. 

This, in essence, is case modding or PC Customising as 
it is sometimes called and this book provides all the practical 
details you need for using the main types of case modding 
components including:- Electro luminescent (EL) ‘go-faster’ 
stripes: Internal lighting units: Fancy EL panels: Data cables 
with built-in lighting: Data cables that glow with the aid of ‘black’ 
light from an ultraviolet (UV) tube: Digital display panels: LED 
case and heatsink fans: Coloured power supply covers. 


192 pages + CD-ROM @iielcel-\ ierele (2M =] der £8.99 


ROBOT BUILDERS COOKBOOK 

Owen Bishop 

This is a project book and guide for anyone who wants to 
build and design robots that work first time. 

With this book you can get up and running quickly, building 
fun and intriguing robots from step-by-step instructions. 
Through hands-on project work, Owen introduces the 
programming, electronics and mechanics involved in practical 
robot design-and-build. The use of the PIC microcontroller 
throughout provides a painless introduction to programming — 
harnessing the power of a highly popular microcontroller used 
by students, hobbyists and design engineers worldwide. 

Ideal for first-time robot builders, advanced builders wanting 
to know more about programming robots, and students 
tackling microcontroller-based practical work and labs. 

The book’s companion website at http://books.elsevier. 
com/companions/9780750665568 contains: downloadable 
files of all the programs and subroutines; program listings 
for the Quester and the Gantry robots that are too long to be 
included in the book. 


366 pages Order code NE46 £26.00 


NEWNES INTERFACING COMPANION 

Tony Fischer-Cripps 

A uniquely concise and practical guide to the hardware, 
applications and design issues involved in computer 
interfacing and the use of transducers and instrumentation. 
Newnes Interfacing Companion presents the essential 
information needed to design a PC-based interfacing system 
from the selection of suitable transducers, to collection of data, 
and the appropriate signal processing and conditioning. 
Contents: Part 1 — Transducers; Measurement systems; 
Temperature; Light; Position and motion; Force, pressure 
and flow. Part 2 — Interfacing; Number systems; Computer 
architecture; Assembly language; Interfacing; A to D and 
D to A conversions; Data communications; Programmable 
logic controllers; Data acquisition project. Part 3 — Signal 
processing; Transfer function; Active filters; Instrumentation 
amplifier; Noise; Digital signal processing. 


Order code NE38 £41.00 


295 pages 
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THEORY AND REFERENCE 


THE AMATEUR SCIENTIST CD-ROM 
The complete collection of The Amateur Scientist articles from 
Scientific American magazine. Over 1,000 classic science 
projects from a renowned source of winning projects. All 
projects are rated for cost, difficulty and possible hazards. 

Plus over 1,000 pages of helpful science techniques 
that never appeared in Scientific American. 

Exciting science projects in: Astronomy; Earth 
Science; Biology; Physics; Chemistry; Weather .. . 
and much more! The most complete resource ever 
assembled for hobbyists, and professionals looking for 
novel solutions to research problems. 

Suitable for Mac, Windows, Linux or UNIX. 32MB RAM 
minimum, Netscape 4.0 or higher or Internet Explorer 4.0 or 


higher. 
Order code AS1 CD-ROM 


Over 1,000 projects £19.95 


OSCILLOSCOPES - FIFTH EDITION 

lan Hickman 

Oscilloscopes are essential tools for checking circuit operation and diagnosing faults, and an 
enormous range of models are available. 

This handy guide to oscilloscopes is essential reading for anyone who has to use a ’scope 
for their work or hobby; electronics designers, technicians, anyone in industry involved in test 
and measurement, electronics enthusiasts ... lan Hickman’s review of all the latest types of 
‘scope currently available will prove especially useful for anyone planning to buy — or even 
build — an oscilloscope. 

The contents include a description of the basic oscillscope; Advanced real-time 
oscilloscope; Accessories; Using oscilloscopes; Sampling oscilloscopes; Digital storage 
oscilloscopes; Oscilloscopes for special purposes; How oscillocopes work (1): the CRT; 
How oscilloscopes work (2): circuitry; How oscilloscopes work (3): storage CRTs; plus a 
listing of Oscilloscope manufacturers and suppliers. 


Order code NE37 


288 pages £36.99 


ELECTRONIC TEST EQUIPMENT HANDBOOK 

Steve Money 

In most applications of electronics, test instruments are essential for checking the performance 
of a system or for diagnosing faults in operation, and so it is important for engineers, 
technicians, students and hobbyists to understand how the basic test instruments work and 
how they can be used. 

The principles of operation of the various types of test instrument are explained in simple 
terms with a minimum of mathematical analysis. The book covers analogue and digital meters, 
bridges, oscilloscopes, signal generators, counters, timers and frequency measurement. The 
practical uses of these instruments are also examined. 


Order code PC109 


UNDERSTANDING ELECTRONIC CONTROL SYSTEMS 

Owen Bishop 

Owen Bishop has produced a concise, readable text to introduce a wide range of students, 
technicians and professionals to an important area of electronics. Control is a highly 
mathematical subject, but here maths is kept to a minimum, with flow charts to illustrate 
principles and techniques instead of equations. 

Cutting edge topics such as microcontrollers, neural networks and fuzzy control are all here, 
making this an ideal refresher course for those working in Industry. Basic principles, control 
algorithms and hardwired control systems are also fully covered so the resulting book is a 
comprehensive text and well suited to college courses or background reading for university 
students. 

The text is supported by questions under the headings Keeping Up and Test Your Knowledge 
so that the reader can develop a sound understanding and the ability to apply the techniques 
they are learning. 


206 pages £9.95 


Order code NE35 


228 pages £36.99 


ALL PRICES INCLUDE 
UK POST & PACKING 


FULL COLOUR COMPUTING BOOKS 


HOW TO FIX YOUR PC PROBLEMS R.A. Penfold 

What do you do when your laptop or desktop stops working properly. Do you panic, try to 
find the answer on the page of fault finding tips you may find at the back of the manufacturers 
manual. Or do you spend hours trying to get through to a telephone helpline or waste even 
more time waiting for an email reply from a helpdesk. 

Well help is now at hand! This book will assist you in identifying the type of problem, 
whether it’s hardware, software or a peripheral that is playing up? Once the fault has been 
identified, the book will then show you how to go about fixing it. This book uses plain English 
and avoids technical jargon wherever possible. It is also written in a practical and friendly 
manner and is logically arranged for easy reference. 

The book is divided into four main sections and among the many topics covered are: 
Common problems with Windows Vista operating system not covered in other chapters. 
Also covers to a lesser extent Windows XP problems. Sorting out problems with ports, 
peripherals and leads. Also covers device drivers software and using monitoring software. 
Common problems with hard disc drives including partitioning and formatting a new drive. 
Using system restore and recovering files. Also covers CD-ROM and Flash drives. Common 
problems with sound and video, including getting a multi-speaker system set up correctly. 

An extremely useful addition to the library of all computer users, as you never know when 
a fault may occur! 

Printed in full colour on high quality non-refective paper 


Order code BP705 


AN INTRODUCTION TO WINDOWS VISTA P.R.M. Oliver and N. Kantarris 

If you have recently bought a new desktop or laptop it will almost certainly have Windows 
as its operating system. Windows Vista manages the available resource of a computer and 
also ‘controls’ the programs that run on it. 

To get the most from your computer, it is important that you have a good understanding of 
Vista. This book will help you acheive just that. It is written in a friendly and practical way and 
is suitable for all age groups from youngsters to the older generation. It has been assumed 
that Vista is installed and running on your computer. 

Among the numerous topics explained are: The Vista environment with its many windows. 
How to organise your files, folders and photos. How to use Internet Explorer for your web 
browsing. How to use Microsoft Mail for your emails. How to control your PC and keep it 
healthy. How to use Vista’s Accessibility features if you have poor eye sight or difficulty in 
using the keyboard or mouse. And much more besides.... 

With the help of this book you will easily and enjoyably gain a better understanding of 
Microsoft's amazing Windows Vista operating system. 

Printed in full colour on high quality non-refective paper 


Order code BP703 


COMPUTING WITH A LAPTOP FOR THE OLDER 
GENERATION R.A. Penfold 

Laptop computers have rapidly fallen in price, increased 
in specification and performance and become much lighter 
in weight. They can be used practically anywhere, then 
stored away out of sight. It is therefore, not surprising that 
laptop sales now far exceed those of desktop machines and 
that they are increasingly becoming the machine of choice 
for the older generation. 

You may want to use your laptop as your main computer 
or as an extra machine. You may want to use your laptop 
on the move, at home, at work or on holiday. Whatever 
your specific requirements are, the friendly and practical 
approach of this book will help you to understand and get 


128 pages £8.49 


£8.49 
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the most from your laptop PC in an easy and enjoyable way. It is written in plain English 
and wherever possible avoids technical jargon. 

Among the many topics covered are: Choosing a laptop that suits your particular needs. 
Getting your new computer set up properly. Customising your computer so that it is optimised 
for your particular needs. Setting up and dealing with user accounts. Using the Windows 
‘Ease of Access Center’. Optimising the life and condition of your battery. Keeping the 
operating system and other software fully up-to-date. Troubleshooting common problems. 
Keeping your computer and data safe and secure. And much more besides... 

Even though this book is written for the older generation, it is also suitable for anyone of 
any age who has a laptop or is thinking of buying one. It is written for computers that use 
Windows Vista as their operating system but much will still apply to Windows XP machines. 
Printed in full colour on high quality non-refective paper 


Order code BP702 


AN INTRODUCTION TO EXCEL SPREADSHEETS Jim Gatenby 

The practical and friendly approach of this book will help newcomers to easily learn 
and understand the basics of spreadsheets. This book is based on Microsoft's Excel 2007 
spreadsheet, but much of the book will still apply to earlier versions of Excel. The book is 
written in plain English, avoiding technical and mathematical jargon and all illustrations are 
in full colour. It is suitable for all age groups from youngsters to the older generation. 

Among the many topics explained are how to: Install the software. Use the exciting new 
features of Excel 2007. Create and use a spreadsheet. Enter, edit and format text, numbers 
and formulae. Insert and delete columns and rows. Save and print a spreadsheet. Present 
the information on a spreadsheet as a graph or chart. Manage and safeguard Excel files on 
disc. Use Excel as a simple database for names and addresses. 

This book will help you to quickly gain confidence and get to grips with using spreadsheets. 
In fact, you will wonder how you ever managed without them. 

Printed in full colour on high quality non-reflective paper. 


Order code BP701 


AN INTRODUCTION TO DIGITAL PHOTOGRAPHY WITH VISTA R.A. Penfold 

The friendly and practical approach of this book will help newcomers to digital 
photography and computing to easily learn the basics they will need when using a 
digital camera with a laptop or desktop PC. It is assumed that your PC uses Windows 
Vista, however, if it is a Windows XP machine the vast majority of this book will still 
apply. The book is written in plain English, avoiding 
technical jargon and all illustrations are in full colour. 
It is suitable for all age groups from youngsters to the 
older generation. 

Among the many topics explained are how to: 
Understand the basic features of a digital camera. 
Transfer photographs from your digital camera to your 
computer. View your photographs. Save, sort and file 
your photographs. Manipulate, crop and carry out simple 
corrections to your photographs. Copy your photographs 
on to CD or DVD. Print your photographs. Share images 
with family and friends anywhere in the world by email or 
with an online album. 

This book will help you quickly get to grips with, gain 
confidence and expand your horizons in the fascinating 
hobby of digital photography. 

Printed in full colour on high quality non-reflective paper. 


Order code BP700 £8.49 


120 pages £8.49 


718 pages £8.49 
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PROJECT BUILDING 


ELECTRONIC PROJECTS FOR EXPERIMENTERS 
R. A. Penfold 

Many electronic hobbyists who have been pursuing their 
hobby for a number of years seem to suffer from the 
dreaded “seen it all before” syndrome. This book is fairly 
and squarely aimed at sufferers of this complaint, plus any 
other electronics enthusiasts who yearn to try something 
a bit different. 

The subjects covered include:- Magnetic field detector, 
Basic Hall effect compass, Hall effect audio isolator, 
Voice scrambler/descrambler, Bat detector, Bat style echo 
location, Noise cancelling, LED stroboscope, Infra-red 
“torch”, Electronic breeze detector, Class D power amplifier, 
Strain gauge amplifier, Super hearing aid. 


Temporarily out of print 


BUILDING VALVE AMPLIFIERS 

Morgan Jones 

The practical guide to building, modifying, fault-finding and 
repairing valve amplifiers. A hands-on approach to valve 
electronics — classic and modern — with a minimum of theory. 
Planning, fault-finding, and testing are each illustrated by 
step-by-step examples. 

A unique hands-on guide for anyone working with valve (tube 
in USA) audio equipment — as an electronics experimenter, 
audiophile or audio engineer. 

Particular attention has been paid to answering questions 
commonly asked by newcomers to the world of the vacuum 
tube, whether audio enthusiasts tackling their first build, or 
more experienced amplifier designers seeking to learn the 
ropes of working with valves. The practical side of this book 
is reinforced by numerous clear illustrations throughout. 


Order code NE40 £29.00 


368 pages 


THEORY AND 


REFERENCE 


GETTING THE MOST FROM YOUR MULTIMETER 
R. A. Penfold 

This book is primarily aimed at beginners and those of 
limited experience of electronics. Chapter 1 covers the 
basics of analogue and digital multimeters, discussing 
the relative merits and the limitations of the two types. 
In Chapter 2 various methods of component checking 
are described, including tests for transistors, thyristors, 
resistors, capacitors and diodes. Circuit testing is covered 
in Chapter 3, with subjects such as voltage, current and 
continuity checks being discussed. 

In the main little or no previous knowledge or experience 
is assumed. Using these simple component and circuit 
testing techniques the reader should be able to confidently 
tackle servicing of most electronic projects. 


Order code BP239 £5.49 


96 pages 


STARTING ELECTRONICS 

Third Edition 

Keith brindley 

A punchy practical introduction to self-build electronics. The 
ideal starting point for home experimenters, technicians and 
students who want to develop the real hands-on skills of 
electronics construction. 

A highly practical introduction for hobbyists, students, 
and technicians. Keith Brindley introduces readers to the 
functions of the main component types, their uses, and the 
basic principles of building and designing electronic circuits. 

Breadboard layouts make this very much a ready-to- 
run book for the experimenter, and the use of multimeter, 
but not oscilloscopes, and readily available, inexpensive 
components makes the practical work achievable in a home 
or school setting as well as a fully equiped lab. 


Order code NE42 £13.99 


288 pages 


Computing with 
a Laptop for the 
- Older Generabon 


< 


PRACTICAL FIBRE-OPTIC PROJECTS 

R. A. Penfold 

While fibre-optic cables may have potential advantages 
over ordinary electric cables, for the electronics enthusiast 
it is probably their novelty value that makes them worthy 
of exploration. Fibre-optic cables provide an innovative 
interesting alternative to electric cables, but in most cases 
they also represent a practical approach to the problem. 
This book provides a number of tried and tested circuits for 
projects that utilize fibre-optic cables. 

The projects include:- Simple audio links, F.M. audio link, 
P.W.M. audio links, Simple d.c. links, P.W.M. d.c. link, P.W.M. 
motor speed control, RS232C data links, MIDI link, Loop 
alarms, R.P.M. meter. 

All the components used in these designs are readily 
available, none of them require the constructor to take out 


a second mortgage. 
Order code BP374 £5.45 


132 pages 


yaa | 


All prices include UK postage. for postage to E 


HOW TO BUILD A COMPUTER 

R.A. Penfold 

To build your own computer is, actually, quite easy and 
does not require any special tools or skills. In fact, all that it 
requires is a screwdriver, pliers and some small spanners 
rather than a soldering iron! The parts required to build a 
computer are freely available and relatively inexpensive. 
Obviously, a little technical knowledge is needed in order to 
buy the most suitable components, to connect everything 
together correctly and to set up the finished PC ready for use. 
This book will take you step-by-step through all the 
necessary procedures and is written in an easy to 
understand way. The latest hardware components are 
covered as is installing the Windows Vista operating system 


and troubleshooting. 
Order code BP591 £8.99 


VIDEO PROJECTS FOR THE ELECTRONICS 
CONSTRUCTOR 

R. A. Penfold 

Written by highly respected author R. A. Penfold, this 
book contains a collection of electronic projects specially 
designed for video enthusiasts. All the projects can be simply 
constructed, and most are suitable for the newcomer to 
project construction, as they are assembled on stripboard. 
There are faders, wipers and effects units which will add 
sparkle and originality to your video recordings, an audio mixer 
and noise reducer to enhance your soundtracks and a basic 
computer control interface. Also, there’s a useful selection on 
basic video production techniques to get you started. 

Circuits include: video enhancer, improved video enhancer, 
video fader, horizontal wiper, improved video wiper, negative 
video unit, fade to grey unit, black and white keyer, vertical 
wiper, audio mixer, stereo headphone amplifier, dynamic 
noise reducer, automatic fader, pushbutton fader, computer 
control interface, 12 volt mains power supply. 


Order code PC115 £5.45 


320 pages 


124 pages 


urope (air) and the rest of the world (surface) please 


add £2 per book. For the rest of the world airmail add £3 per book. Note: Overseas surface mail 
postage can take up to 10 weeks. CD-ROM prices include VAT and/or postage to anywhere in the 
world. Send a PO, cheque, international money order (£ sterling only) made payable to Direct Book 
Service or card details, Visa, Mastercard or Maestro to: 


DIRECT BOOK SERVICE, WIMBORNE PUBLISHING LIMITED, 113 LYNWOOD DRIVE, 
MERLEY, WIMBORNE, DORSET, BH21 1UU. 


Books are normally sent within seven days of receipt of order, but please allow 28 days for delivery — more for overseas orders. 
Please check price and availability (see latest issue of Everyday Practical Electronics) before ordering from old lists. 


For a further selection of books see the next two issues of EPE. 
Tel 01202 880299 Fax 01202 843233. Email: dbs @wimborne.co.uk 
Order from our online shop at: www.epemag.com. Go to the ‘UK store’. 


BOOK ORDER FORM 


FUIl NAME? .........cccceccceccccccecccecececeaeacccecaceceueaeaeaeaees 


PO SS Se arsennce execs caaetonineee ce eee 


Post code: ............. 


SIAC = pypeda esa cespuiecacuneaeouecutoweigonueere usta reeaee aio 


iegianaepasnen TEICDNONG INGE sccczcadaceentcensrecnatGednestecrs 


[_] | enclose cheque/PO payable to DIRECT BOOK SERVICE for £ 


[_] Please charge my card £ 
Card Number 


Card Security Code 


Card valid from date 


(the last three digits on or just below the signature strip) 


Please send book order COde@S: .............ccceceeeeeeeee 


Please continue on separate sheet of paper if necessary 
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PCB SERVICE 


Printed circuit boards for most recent EPE constructional projects are 
available from the PCB Service, see list. These are fabricated in glass fibre, 
and are fully drilled and roller tinned. Double-sided boards are NOT plated 
through hole and will require ‘vias’ and some components soldering to 
both sides. All prices include VAT and postage and packing. Add £1 per 
board for airmail outside of Europe. Remittances should be sent to The 
PCB Service, Everyday Practical Electronics, Wimborne Publishing 
Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. 
Tel: 01202 880299; Fax 01202 843233; Email: orders @epemag.wimborne. 
co.uk. On-line Shop: www.epemag.com. Cheques should be crossed and 
made payable to Everyday Practical Electronics (Payment in £ sterling only). 


NOTE: While 95% of our boards are held in stock and are dispatched 
within seven days of receipt of order, please allow a maximum of 28 days 
for delivery — overseas readers allow extra if ordered by surface mail. 
Back numbers or photocopies of articles are available if required — see the 
Back Issues page for details. WE DO NOT SUPPLY KITS OR COMPONENTS 
FOR OUR PROJECTS. 


Please check price and availability in the latest issue. 
A large number of older boards are listed on, and can be 
ordered from, our website. 


Boards can only be supplied on a payment with order basis. 


PROJECT TITLE ORDERCODE COST 


DECEMBER ‘09 | 
Knock Detector 735 £7.33 
* 12V/24V High-Current Motor Speed Controller 
— Main 736 
— Display 737 (set | £11.86 


JANUARY '10 
* UHF Remote-Controlled Mains Switch 738 £8.72 
* UHF Remote Mains Switch Transmitter | 739 £6.60 
* Playback Adapter For CD-ROM Drives 740 £8.37 


FEBRUARY ‘10 
* Charge Controller For 12V Lead-Acid Batteries 
* Working Days Alarm Clock 
— Main (double-sided) 
— Display (double-sided) 
Low-cost LPT-To-I?C Interface 


MARCH '10 
* High-Accuracy Digital LC Meter — Main 
— Adaptor £8.73 
— Shorting Bar 
2-way Stereo Headphone Adaptor 811.33 
* Shift Indicator and Rev Limiter For Cars — Main 
— Display 


APRIL'10 


USB Power Injector 
Alternative 12V 10A Power Supply 
LM3909 Replacement Module 


MAY ’10 
* Water Tank Level Meter 
* dsPIC/PIC Programmer — Main Board 
— Adaptor 
ii. 
JUNE ‘10 
* PIC-Based Musical Tuning Aid 
* Water Tank Level Meter — Base 
— Switch 
* DSP Musicolour — Main 
— Display 


JULY ‘10 
* ColdAlert Hypothermia Alarm 


* Swimming Pool Alarm 


AUGUST '10 
* PIC-Based Flexitimer (double-sided) 
DSP Musicolour — Remote Control Receiver 
* UV Lightbox — Exposure Controller 
— Display/Timer 
Ultra LD 200W Power Amplifier (double-sided) 


SEPTEMBER ‘10 


Ultra-LD 200W Power Amplifier — Power Supply 
Low-Voltage Adjustable Regulator 
Balanced/Unbalanced Converter 

Planet Jupiter Receiver (double-sided) 


78 


PROJECT TITLE ORDER CODE 


OCTOBER 10 
Bridge Adaptor For Stereo Power Amps 770 £7.68 
CDI Module For Small Motors Ti2 £6.63 
* LED Strobe and Tachometer — 1 

— Main Board 775 

— Switch Board 776 } pai aR ee 
NOVEMBER ‘10 
*Railpower — Main Board 

— Display Board 


* LED Strobe and Tachometer — 2 
— Photo-Interrupter 


— IR Reflect Amp 
* USB Clock with LCD Readout — 1 


Balanced MIC Preamp for PCs and MP3 Players 


DECEMBER ‘10 
12V Speed Controller or 12V Lamp Dimmer 

* Digital RF Level & Power Meter 

— Main Board 

— Head-end Board 

— RF Attenuator Board 


JANUARY 'T1 


Multi-Purpose Car Scrolling Display 
— Main Board 
— Display Board 
USB-Sensing Mains Power Switch 
433MHz UHF Remote Switch 
— Transmitter 
— Receiver 


FEBRUARY ‘11 


Time Delay Photoflash Trigger 
Tempmaster Mk.2 


EPE SOFTWARE 


* All software programs for EPE Projects marked with a star, and 
others previously published can be downloaded free from the Library 
on our website, accessible via our home page at: www.epemag.com 


PCB MASTERS 


PCB masters for boards published from the March ’06 issue onwards 
can also be downloaded from our website (www.epemag.com); go 
to the ‘Library’ section. 


EPE PRINTED CIRCUIT BOARD SERVICE 
Order Code Project Quantity 


| enclose payment of £ 


Everyday Practical 
Electronics 


Card No. . Noe Noe Ma Ne de Aw ee ns woah die 
Valid From Expiry Date 
Card Security No. Maestro Issue No. 


(cheque/PO in £ sterling only) to: 


Signature 


Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our website on a secure server: 


http://www.epemag.com 
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CEASSIFIEDFADVERTISEMENTS 
mull EVERY DAY PRA CHIC. y| l If you want your advertisements to be seen by the largest readership at the 


most economical price our classified page offers excellent value. The rate for 


po} semi-display space is £10 (+VAT) per centimetre high, with a minimum height 
FILE TRONK g of 2-5cm. All semi-display adverts have a width of 5.5cm. The prepaid rate for 
———— | classified adverts is 40p (+VAT) per word (minimum 12 words). 


All cheques, postal orders, etc., to be made payable to Everyday Practical 

Electronics. VAT must be added. Advertisements, together with remittance, 

Cee should be sent to Everyday Practical Electronics Advertisements, 113 Lynwood 

Everyday Practical Electronics reaches more UK readers than any other Drive, Merley, Wimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202 
UK monthly hobby electronics magazine, our sales figures prove it. We : ; : , ; ; ; ; 


843233. Email: epeads @ wimborne.co.uk. For rates and information on display 


and classified advertising please contact our Advertisement Manager, Stewart 
Kearn as above. 


have been the leading monthly magazine in this market for the last 
twenty-five years. 


Versatile Programmable PIC 
On Screen Display System 


Display text over any composite video signa 
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www.cstech.co.uk 


PIC Prototyping Kits x Ki O b ot B ts 


PIC Programmers Robots, Arduino & more! 
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encoder & decoder kits 
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® Fully programmable @1/O for sensor interfaces 
@PIC 16F623A micro ®User definable fonts 

Example code for MSF, cash register, 1-wire 
& GPS data display = ia & 
7 16 CQ Pete | = wa 


yo — a ae 
V.PIC-OSD.COM 


LCD Displays & 
Controllers from 
£6.50 
Serial, I2C, 
VT100 


www.RobotBits.co.uk 


0845 5 191 282 


BTEC ELECTRONICS 
TECHNICIAN TRAINING 


NATIONAL ELECTRONICS 
VCE ADVANCED ICT 
HNC AND HND ELECTRONICS 
FOUNDATION DEGREES 
NVQ ENGINEERING AND IT 
DESIGN AND TECHNOLOGY 


LONDON ELECTRONICS COLLEGE 
20 PENYWERN ROAD 


...invent with the Propeller 
microcontroller and Spin programming 
language from Parallax 


EARLS COURT, LONDON SW5 9SU 
TEL: (020) 7373 8721 
www.lec.org.uk 


BOWOOD ELECTRONICS LTD 


Suppliers of Electronic Components Miscellaneous 
Place a secure order on our website or call our sales line 
All major credit cards accepted 


VALVES AND ALLIED COMPONENTS 
Web: www.bowood-electronics.co.uk 


Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield, IN STOCK. Phone for free list. Valves, 


Derbyshire S40 2QR. Sales: 01246 200222 books and magazines wanted. Geoff Davies 
Send 60p stamp for catalogue 


(Radio), tel. 01788 574774. 


FROM THE PUBLISHERS Oa 
EPISHEconics | 


ELECTRONICS 
TEACH-IN 3 


circuit design 


ox The how and why OH 


RACTICALIY(SREAKE 
meet 


tr Over 40 different circuit ideas 


\, TWO TEACH-INs FOR 
») THE PRICE OF ONE! 
- ro 
j |) Tete ca introauetton 
10 electronics 


rand-alone 
A complete stan 
We en in 11 parts plus free 


software | | ' . EE 
‘a Maestro ff MasterCard 
1 , free 


ALSO AVAILABLE FROM DIRECT BOOK SERVICE 
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Europe’s Largest 
Surplus Store 
20,000,000 Items on line NOW ! 


New items added dail 
Established for over 25 years, UK company 
Display Electronics prides itself on offering a 
massive range of electronic and associated 
electro-mechanical equipment and parts to 
the Hobbyist, Educational and Industrial 
user. Many current and obsolete hard to get 
parts are available from our vast stocks, 
which include: 

# 6,000,000 Semiconductors 

# 5,000 Power Supplies 

@ 25,000 Electric Motors 

# 10,000 Connectors 

# 100,000 Relays & Contactors 

@ 2000 Rack Cabinets & Accessories 
# 4000 Items of Test Equipment 

@ 5000 Hard Disk Drives 


www.distel.co.uk 


Display Electronics Telephone 


29 | 35 Osborne Road [44] 020 8653 3333 


Thornton Heath 
Surrey UK CR7 8PD Fax [44] 020 8653 8888 


Rechargeable Batteries With Solder Tags 
NIMH NICAD 


Instrument case with edge connector and screw terminals 
Size 112mm x 52mm _ x 105mm tall 


This box consists of a cream base with a PCB slot, a cover plate to pro- 
tect your circuit, a black lid with a 12 way edge connector and 12 screw 
terminals built in (8mm pitch) and 2 screws to hold the lid on. The cream 
bases have minor marks from dust and handling price £2.00 + 
VAT (=£2.35) for a sample or £44.00+VAT (=£51.70) for a box of 44. 


pili! 


A 


866 battery pack originally intended to be 

used with an orbitel mobile telephone it 
contains 10 1-6Ah sub C batteries (42 x 

22 dia. the size usually used in cordless 
screwdrivers etc.) the pack is new and * 
unused and can be broken open quite - . 
easily £7.46 + VAT = £8.77 \ at. 


Please add £1.66 + VAT = £1.95 postage & packing per order 


@ 
JPG Electronics 
Shaws Row, Old Road, Chesterfield, S40 2RB. 

Tel 01246 211202 Fax 01246 550959 
www.JPGElectronics.com 
Mastercard/Visa/Switch 
Callers welcome 9.30 a.m. to 5.30 p.m. Monday to Saturday 


amt EVERYDAY PRACTICAL 
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NEXT MONTH 


LOW-COST DIGITAL AUDIO MILLIVOLTMETER 
Here’s a low-cost digital audio millivoltmeter that lets you measure 
audio signals from below 5Hz to above 100kHZz. As well as indicating 
the level in both millivolts and dBV, it also shows the corresponding 
dBm level into 6000. 


GPS SYNCHRONISED CLOCK 

This GPS circuit will convert a standard battery wall clock into a 
precision timekeeper that never needs to be corrected. It will even 
automatically adjust for daylight saving time. 


MANUAL 2-WAY USB DEVICE SWITCH 
This simple device allows two computers to share a single USB 
printer or some other USB device. 


THEREMIN 

We’ve featured Theremins before, but this one is special. We 
have added a voicing control, incorporated a larger loudspeaker 
and increased the power output. So, if you fancy creating spooky, 
atmospheric music, then this is the perfect winter project for you! 


TEACH-IN 2011 — PART 5 
Mike and Richard Tooley continue our indispensable back-to-basic 
series with a look at operational amplifiers. 


MARCH ’11 ISSUE - ON SALE 10 FEB 


Content may be subject to change 


ADVERTISERS INDEX 


CRICKLEWOOD 

DISPLAY ELECTRONICS 

ESR ELECTRONIC COMPONENTS 
JAYCAR ELECTRONICS 
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LASER BUSINESS SYSTEMS 
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MCU STORE 
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SHERWOOD ELECTRONICS 
STEWART OF READING 
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ADVERTISEMENT OFFICES: 


113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU 
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EMAIL: epeads @ wimborne.co.uk 


For Editorial address and phone numbers see page 7 


Published on approximately the second Thursday of each month by Wimborne Publishing Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. Printed in England by Acorn Web Offset 
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SI LZ Designed in the UK, _ Tel. 01298 70012 
ZA FS = Made in the UK. 


Atlas DCA - 


-_ “> SS 


Semiconductor Analyser with Carry Case! 


, 


www.peakelec.co.uk 
sales@peakelec.co.uk 


West Road 
Buxton 
Derbyshire 
SK17 6HF 


West Road House 


® 


electronic design Itd 


The famous Peak Atlas. Still great value even 
though VAT has gone up! 


Fitted with sturdy universal premium gold probes. 
Just connect any way round to identify the 
type of part, pinout and lots of 


parameters. 


Supplied with battery, comprehensive 
user guide and padded hard carry 
case (choose either blue or black). 


Supports bipolar transistors, 
darlingtons, MOSFETs, diodes, 
LEDs and more... 


www.stewart-oTf-reading.co.uk 


Check out our website, 1,000’s of items in stock. 


AGILENT 8753ET 
TRANSMISSION/REFLECTION 
NETWORK ANALYSER 300KHZ-3GHZ 

£POA 


AGILENT E4421B 250KHZ-3GHZ 
Signal Generator 
£2500 


AGILENT E4402B Spectrum Analyser 
100HZ — 3GHZ with Option 1DN Tracking 
Gen; 1 DR Narrow Res; A4H GPIB, 


HP 35670A FFT Dynamic Signal Analyser 
2 Channel. Unused in original box...£3,000 


AGILENT/HP E4431B Signal Generator 
250KHZ-2GHZ Digital Modulation....£2750 


MARCONI 2024 Signal Generator 9KHZ- 
2.4GHZ Opt 04 

MARCONI/IFR 2030 Signal Generator 
10KHZ-1.35 GHZ 


Used Equipment — GUARANTEED 
Prices plus Carriage and VAT 


Please check availability before 
ordering or CALLING IN 


HP33120A FUNCTION GENERATOR 
100 MicroHZ — 15MHZ 
Unused Boxed £595 


Used, No Moulding, No Handle £395 


STEWART of READING 


17A King Street, Mortimer, 
Near Reading RG7 3RS 


Telephone: (0118) 933 1111 
Fax: (0118) 933 2375 
Yam — 5pm Monday - Friday 


MARCONI 2022E Synthesised AM/FM 
Signal Generator 10KHZ-1.01GHZ ...£500 
HP8566A Spectrum Analyser 100HZ- 


AVCOM PSA-37D Spectrum Analyser 
1MHZ-4.2GHZ 

IFR 1200S Service Communication 
Monitor 

HP6624A Power Supply 0-20V 0-2A 
Twice, 0-7V 0-5A; 0-50V 0.8A 

Special price 


MARCONI 2955B 
RADIO COMMUNICATION TEST SET 
£2000 
Also available Marconi 2955 
at special price of £625 


ENI 3200L RF POWER AMPLIFIER 
250KHZ-150MHZ 200W 55dB 


AVO/MEGGAR FT6/12 AC/DC 
breakdown testef..............0.0ccceceeeeeeeeees £- 
MARCONI/IFR/AEROFLEX 2025 Signal 
Gen 9KHZ—2.51GHZ Opt 04 High Stab 
Opt 11 High Power etc As New....... £2500 
SOLARTRON 1250 Frequency Response 


Analyser 10UHZ-65KHZ ...............4. £995 
HP3324A Synthesised Function 
Generator 21MHZ.................cceseeeee £500 
HP41800A Active Probe 5HZ-500MHZ 
gh ea hs ee ara necro nate deamace £750 
ANRITSU MS2601A Spectrum Analyser 
1OKHZ-2.2GHZ 50ohm...............0668 £750 
HP53131A Universal Counter Opt 001 
Unused Boxed 3GHZ...............:2:225: £850 
Unused Boxed 225MHZ...............+5: £595 
Used 225MAZ 2 séisesunseudaxerhezesexdelxna: £495 
HP8569B Spectrum Analyser 0.01- 

EL Eg Fie on ee en ee ee ee £1000 
HP54616C Oscilloscope Dual Trace 
500MHZ 2GS/S Colour................- £1250 
QUART LOCK 10A-R Rubidium 
Frequency Standard................---+- £1000 
PENDULUM CNT90 Timer/Counter 
/Analyser 2O0GHZ............200000eeee ee £1950 
ADVANTEST R3465 Spectrum Analyser 

A | Fade 5 |] Ane ce Oe £- 


AMPLIFIER RESEARCH 
POWER AMPLIFIER 1000LAM8 


HP Programmable Attenuators £300 
each 

33320H DC-18GHZ 11db 

33321G DC-18GHZ 70db 

Many others available 

AGILENT E3610A Power Supply 
0-8v 0-3A/0-15v 0-2A Unused 
AGILENT E3611A Power Supply 
0-20V 0-1.5A/0-35V 0-0.85V Unused 


MARCONI 2945 RADIO COMMUNICATION TEST SET with.... 
Opt 01 — 600 ohm Matching Unit - Opt 03 — High Stability OCXO 
Opt 06 — Memory Card Drive with Real Time Clock - Opt 08 — SSB Demodulator 
Opt 21 Demodulation Filters - Opt 22 POCSAG Decode 


Only £3,000 


Ae PRE-PRODUCTION CHECK . 


} Board Edge Defined - CHECK 


All Components Placed - CHECK 


All Connections Routed - CHECK 


<a 
Power Planes Generated - CHECK 
No Design Rule Violations - CHECK 


Design with Confidence: 


The latest version of the Proteus PCB Design Software provides a multi- 
stage Pre-Production Check which will detect and prevent a variety of 
common mistakes prior to your boards being sent for manufacture. 


PROTEUS DESIGN SUITE reatures: 


» Hardware Accelerated Performance. » Board Autoplacement & Gateswap Optimiser. 

» Unique Thru-View™ Board Transparency. =» Direct CADCAM, ODB++, IDF & PDF Output. 

» Over 35k Schematic & PCB library parts. «= Integrated 3D Viewer with 3DS and DXF export. 
s Integrated Shape Based Auto-router. » Mixed Mode SPICE Simulation Engine. 

» Flexible Design Rule Management. » Co-Simulation of PIC, AVR, 8051 and ARM. 

» Polygonal and Split Power Plane Support. =» Direct Technical Support at no additional cost. 
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